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The  five  volumes  making  up  this  Technical  Documentary  Report  describe 
the  results  of  a  3-month  study  of  the  Image  Velocity  Sensor  Subsystem 
conducted  for  the  Space  Systems  Division  of  the  Air  Force  Systems  Com¬ 
mand  under  Contract  AF04(695)-656.  This  study  involved  the  analyses, 
parametric  studies,  simulations,  preliminary  design  efforts,  and  planning 
necessary  to  develop  meaningful  definitions  of  the  experiments  and  ex¬ 
perimental  hardware  required  to  fulfill  the  objectives  of  the  MOL  program. 

Volume  I  summarizes  the  entire  study.  Volume  II  presents  the  results  of 
an  elemental  simulation  program  conducted  to  assess  man's  ability  to  per¬ 
form  the  planned  experiments.  Simulation  plans  are  also  discussed  in 
this  volume.  The  results  of  trade-off  and  equipment  design  analyses  are 
given  in  Volume  IV,  while  Volume  V  presents  detailed  plans  for  conduct¬ 
ing  subsequent  phases  of  the  IVSS  program. 

In  general,  this  study  has  demonstrated  the  basic  feasibility  of  the  proposed 
MOL  experiments,  indicated  the  high  degree  of  precision  that  human 
participation  can  provide  to  the  system,  and  developed  designs  and  plans 
compatible  with  MOL  program  guidelines. 
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Included  in  Volume  IV  are  the  results  of  Task  3,  "Functions  of  Man", 

Task  6,  "IVSS  Console  Mock-Up",  Task  7,  "Human  Engineering  in  Sub¬ 
system  Design",  and  Task  8,  "Experiment  Procedures  Definition".  The 
volume  is  organized  about  three  major  considerations  in  the  incorporation 
of  man  in  the  Image  Velocity  Sensor  Subsystem  and  the  assessment  of  his 
many  and  varied  potential  areas  of  contribution.  The  organization  is  as 
follows: 

a  Human  task  and  functional  analyses 

•  The  man-IVSS  interface  and  human  engineering  considerations 

•  Definition  of  experimental  procedures. 

Analysis  of  human  error  and  assignment  of  a  system  error  budget  and 
error  assessment  technique  has  received  major  emphasis  and  is  reported 
in  Section  2. 0.  Requirements  for  additional  study  during  Phase  I,  in  the 
three  areas  identified  above,  is  included. 
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1.0  Introduction  end  Summery 

A  primary  application  of  the  IVSS  will  be  the  assessment  of  human  contri¬ 
bution  to  the  acquisition,  tracking,  and  precise  image  velocity  determina¬ 
tion  of  terrestrial  and  space  targets  under  a  variety  of  operational  and 
environmental  constraints.  Analysis  of  photographic  data  and  determina¬ 
tion  of  results  will  be  accomplished  on  the  vehicle.  Also,  man's  capabil¬ 
ities  and  limitations  as  an  interpreter  of  photographic  data  and  experiment 
results  will  be  assessed.  Emphasis  has  been  given  during  this  study  to 
the  human  element  in  systems  design,  in  planning  orbital  experiments,  in 
defining  simulation,  and  in  establishing  training  and  selection  require¬ 
ments.  This  volume  includes  considerations  of  incorporating  human  func¬ 
tions  and  capabilities  with  regard  to  system  design  and  assessment  of  hu¬ 
man  fimctions  and  capabilities  by  orbital  experiments.  Flight  Crew  Seg¬ 
ment  requirements  are  outlined.  Including  the  functions  of  the  crew,  the 
operator-IVSS  interface,  and  other  related  functions.  An  approach  to  re¬ 
finement  of  the  man-system  interface  and  experiments  during  Phase  I  is 
Included. 

1.1  Primary  Exparimanta  and  Mafar  Objactivaa 

The  assessment  of  man's  contribution  to  acquisition  and  tracking  of  terres¬ 
trial  and  space  targets  will  be  by  means  of  three  primary  experiments  de¬ 
signed  primarily  along  the  continuum  of  target  types,  target  dynamics. 
Inherent  target  characteristics,  and  knowledge  of  target  location  and  char¬ 
acteristics.  The  primary  experiments  are  as  follows: 

e  Primary  Experiment  P-1  -  Acquisition  and  Tracking  of  Pre¬ 
assigned  Ground  Targets 

e  Primary  Experiment  P-2  -  Acquisition  and  Tracking  of  Targets 
in  Coplanar  Orbits  and  in  Fly-by-Maneuvers 
e  Primary  Experiment  P-3  -  Acquisition  and  Tracking  of  Tar¬ 
gets  of  Opportunity  on  Land  and  on  the  Oceans 

The  experiments  will  be  conducted  in  parallel  during  the  initial  30-day  or¬ 
bital  deployment  of  the  laboratory,  permitting  assessment  of  human  capa¬ 
bilities  over  a  period  adequate  to  sample  dynamics,  environmental  condi¬ 
tions,  and  effects  of  length  of  human  exposure  to  orbital  flight.  Subse¬ 
quent  experiments  will  be  conducted  based  upon  the  results  and  conclus¬ 
ions  of  the  initial  flight.  The  objectives  of  the  primary  experiments  and 
operational  constraints  have  necessitated  division  of  the  primary  experi¬ 
ments  into  subexperiments,  which  are  defined  in  Section  3. 0,  "Experi¬ 
ment  Procedures  Planning". 

A  representative  orbiUl  altitude  and  Inclination  of  the  laboratory  has  been 
examined  with  respect  to  the  availability  of  targets,  crew  time  constraints, 
and  expected  environmental  conditions.  The  constraints  Imposed  by  these 
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factors  were  utilized  In  experiment  planning,  as  well  as  In  determining 
crew  time  and  scheduling  requirements.  The  total  crew  time  required 
for  these  experiments  over  a  nominal  30-day  mission  is  84  hours  and  40 
minutes,  preferably  divided  equally  between  the  two  crew  members.  Of 
this,  40  hours  and  30  minutes  will  be  devoted  to  on-board  measurement 
and  analysis  of  photographic  data  (which  is  recommended  as  a  method  of 
overcoming  data  reduction  problems),  "thru-put"  time  constraints,  and  dif¬ 
ficulties  inherent  in  early  return  of  data  required  for  "knowledge  of  re¬ 
sults"  and  course  of  action  of  a  sequential  design  is  used.  It  is  felt  that 
assessment  of  human  contribution  at  this  level  is  essential  to  the  success 
of  the  experiments.  Crew  time  requirements  are  summarized  in  Table 
3-1. 

1.2  Human  Fuactioaa  and  Contributiona 

The  primary  mcperlments  are  designed  to  assess  human  reliability  and 
contribution  to  acquisition  and  tracking  of  targets,  with  the  IVSS  serving 
as  a  tool  or  medium  for  satisfying  experiment  objectives.  Section  4. 0  de¬ 
scribes  the  human  functions  in  graphic  task  analysis  format  with  time  line 
analyses  included.  Once  the  human  functions  and  system  functions  were 
established  and  allocated,  crew  schedules  for  conducting  the  primary  ex¬ 
periments  were  completed.  These  schedules  are  in  Section  3. 0. 

1.3  Conaolu  Layout  and  Subayatom  Intoriaeo  Conaidoralioiia 

The  Image  Velocity  Sensor  Subsystem  Interface  is  designed  and  configured  to 
meet  the  requirements  of  assessing  the  boundaries  of  human  contribution 
to  the  acquisition  and  tracking  of  terrestrial  and  space  targets.  The  con¬ 
sole  layout  and  rationale  for  configuration  of  the  interface  are  presented 
in  Section  5. 0.  Attention  was  paid  not  only  to  the  primary  IVSS  experi¬ 
ments,  but  to  the  probable  requirements  and  configuration  for  a  two-man 
operational  console  reflecting  the  total  experimental  package.  The  con¬ 
sole  reflects  a  functional  approach  to  the  man-system  interface  problem. 
During  Phase  I ,  as  system  design  progresses,  the  interface  will  undergo 
significant  changes  in  form.  The  mock-up,  described  in  Section  5. 4,  was 
developed  to  illustrate  the  operator-IVSS  interface  in  three  dimensions 
and  will  provide  a  work  station  for  control  display  layout  refinement  and 
operator  procedures  evaluation  during  Phase  I . 

During  IVSS  trade  offs  and  system  analysis,  human  factors  considerations 
and  requlremrats  for  assessment  of  human  contribution  were  periodically 
reviewed  by  engineering  management.  Trade  offs  in  system  design  were 
weighed  against  the  objectives  and  the  implicit  subsystem  requirements  of 
Primary  Experiments  P-1,  P-2,  and  P-3. 
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2.0  MiMumnint  of  Human  Contributioni  and  Syitom  Error 

It  is  desirable  to  establish  limits  of  human  capabilities  as  a  function  of 
mission  constraints,  dynamics,  environmental  conditions,  and  the  phys¬ 
iological  and  mental  state  of  the  crew  member.  An  error  budget  has  been 
established  for  the  entire  IVSS,  including  the  crew  member/experimenter. 
Knowledge  of  the  error  sources  in  the  system  and  provision  for  measure¬ 
ment  and/or  calibration  of  these  error  sources  will  permit  on-board  and 
ground  assessment  of  human  contribution  in  both  a  test  specific  and  in  a 
general  or  predictable  sense,  as  well  as  reconstruction  of  the  test  case  on 
the  ground.  Care  has  been  exercised  in  the  approach  to  system  design  and 
method  of  measurement  to  Insure  that  human  capabilities  measurement  is 
not  confused  with  or  limited  by  some  system  or  environment  characteris¬ 
tic.  Section  2. 1  describes  the  approach  to  isolation  of  error  sources  in 
the  IVSS,  while  Section  2. 2  considers  human  contribution  and  establishing 
boundaries  for  prediction.  The  optical  and  photo-optical  requirements 
have  been  established  to  meet  the  experimental  requirements  for  human 
contribution  assessment  and  are  included  in  Volume  IIL 
2.1  Bmr  bohitioB  TaeluUqvM 
2.1.1  Introduction 

This  section  discusses  the  methods  of  experiment  performance  and  eval¬ 
uation  and  presents  techniques  for  identifying  the  components  contributing 
to  the  total  performance  error  and  evaluation  error. 

The  total  system  capability  to  perform  image  motion  compensation  to  a 
given  criteria  is  evaluated  by  photographic  data  analysis,  and  veMcle  and 
PTS  parameters.  Section  2. 1. 2  presents  an  estimate  of  errors  in  this 
evaluation  technique. 

In  assessing  the  capability  or  limitations  of  a  specific  system  it  is  desir¬ 
able  to  know  if  and  how  this  system  may  be  improved.  After  the  total 
errors  have  been  determined  (pointing  error  in  the  case  of  target  acquisi¬ 
tion,  and  percent  error  in  LOS  angular  rate  in  the  case  of  target  tracking), 
it  is  significant  to  identify  the  total  error  in  terms  of  the  operator  and 
system  conoponents  error.  This  error  isolation  is  discussed  in  Section 
2. 1. 3.  Two  evaluation  techniques  have  been  pursued. 

The  first  study  approach  for  measurement  or  assessment  of  errors  in¬ 
volved  with  the  experiment  performance  has  been: 

e  To  identify  from  simulation  studies  and  state-of-the-art  in¬ 
strumentation  analyses  the  most  meaningful  error  sources 
involved  with  experiment  performance 
e  To  estimate  the  impact  of  these  errors  on  the  operational 
system  performance 
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•  To  evaluate  the  instrumentation  or  computational  "expense" 
ol  evaluating  these  errors  in  space. 

•  To  recommend,  on  the  basis  of  tradeoff  considerations  of 
calibration  equipment  requirements  vs  additional  system  cap' 
ability,  whether  to  perform  error  measurement  by  direct  at¬ 
tachment  of  accurate  devices. 


The  alternative,  for  error  sources,  that  may  be  bounded  and  well  de¬ 
fined  for  the  in-space  operational  system  by  ground  testing,  would  be  to 
assess  the  error  source  for  an  error  budget.  This  error  budget,  applied 
to  the  total  measured  system  error,  would  assess  certain  error  sources, 
directly  measure  other  error  sources,  and  deduce  the  remainder  (the 
object  of  the  breakdown). 


The  second  approach  has  been  a  preliminary  investigation  for  error  re¬ 
duction  by  employing  an  IMC  filter  (Kalman)  for  sensitive  state  vectors  of 
the  vehicle  and  PTS.  This  technique  is  discussed  in  Volume  m.  Section 
3.4. 

2. 1.  2  Errors  in  the  Experiment  Evaluation  Technique 
This  section  discusses  the  procedure  and  errors  in  evaluating  the  total 
system  capability  to  perform  image  motion  compensation  (IMC)  and  the 
accuracy  of  target  fix  taking. 


2. 1.  2. 1  IMC  Evaluation  Error 

The  criteria  of  the  percent  IMC  is  specified  as: 

percent  IMC 


Error  in  LOS  Angular  Rate 
L6S  Angular  Rate 


(2-1) 


The  total  system  capability  to  perform  image  motion  compensation  to  a 
given  criteria  is  evaluated  by  photographic  data  analysis. 


The  error  in  LOS  angular  rate  determined  from  pairs  of 

photographs  by  measuring  the  change  of  LOS  angle  target 

from  photo  to  photo,  such  that; 


A9 


LOS 


'LOS 


At 


(2-2) 


The  experiment  evaluation  error  in  determining  the  error  in  the  LOS 
angular  rate  are  those  involved  with  the  photo- interpretation  of  the  hard¬ 
copy  photographs.  Image  motion  as  a  function  of  time  will  be  measured 
as  the  difference  in  recording  camera  crosshairs  and  target  separation 
from  photograph  to  photograph  by  use  of  a  film  comparator. 
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2. 1. 2. 1. 1  Pboto-Interpretattve  Error  Sources  -  The  evaluation  errors 
Identified  with  the  comparison  measurement  are: 

•  Positioning  resolution  of  (^erator,  1.  e. ,  the  accuracy  to  which 
he  can  lay  comparator  crosshairs  on  film 

•  Film  comparator  readout  error 

•  Uncertainty  of  target  center  due  to  image  resolution. 

The  positioning  resolution  of  the  operator  is  more  precisely  a  visual 
limitation.  Assuming  a  well  defined,  high-contrast  target  on  the  photo¬ 
graph,  then  the  operator  can  place  the  film  comparator  crosshair  on  this 
target  only  to  within  the  resolving  limit  of  the  eye.  Therefore,  the  first 
item  may  be  assessed  in  terms  of  the  eyepiece  magnlflcition  of  the  film 
comparator. 

2. 1. 2. 1. 1. 1  Resolving  Limit  of  Eye  vs  Eyepiece  Magnification  - 
Assuming  a  minimum  resolution  of  the  eye  as  1. 0  minute  at  the  near¬ 
est  point  of  the  eye  (assumed  250  cm,  or  approximately  10  inches); 
then,  the  resolving  limit  with  a  comparator  eyepiece  of  magnification, 

1  minute  . 

- SJ“  (2-3) 

Table  2-1  gives  the  equivalent  resolution  on  the  film  for  several  eye¬ 
piece  magnifications  and  several  eye  relief  factors.  U  is  recommended 
that  an  eye  relief  factor  of  3  to  5  be  used  in  order  to  avoid  eye  fatigue. 
The  uncertainty  on  the  film  is: 

60  sec. 

djjjjjj  =  r  ®  =  (10  in. )( — jjj —  )(4. 84  x  10  ®  rad/sec.  )(25. 4  mm/in. ) 

(2-4) 


Table  2-1 

EQUIVALENT  FILM  RESOLUTION 


Minimum 

Eye  Relief 

Eye  Relief  I 

Resolving  Limit 

Factor 

=  3. 

Factor  = 

_ 

Comparator 

Equivalent  Resolution 

Equivalent  Resolution 

Equivalent  Resolution 

Eyepiece 

On  Film 

On  Film 

On  Film 

Inches 

Inches 

Inches 

25x 

1.16 X  lo'^ 

2.950 

3.48  X  lo”^ 

8.850 

5.8  X  10*^ 

14.750 

SOx 

5.30  X  10‘® 

1.475 

1.74  X  lo'^ 

4.425 

2.9  X  lo"* 

7.375 

lOOx 

2.90  X  lo'® 

0.737 

8.7  X  10‘® 

2.210 

1.45  X  lO"* 

3.680 

ISOx 

1.93  X  lo'® 

0.491 

5.8  X  10*® 

1.470 

9.65  X 10*® 

2.450 

250x 

1.16X  lo'® 

0.295 

3.48  X  10*^ 

0.850 

5.8  X 10*® 

1.470 

A  recommendation  for  eyepiece  magnification  will  be  made  after  the 
magnitude  of  the  other  error  sources  are  examined,  so  that  this  error 
source  can  be  made  small  with  respect  to  ths  others. 
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2. 1. 2. 1. 1. 2  Photo  Comparator  Readout  Error  •  The  Mann  Film 
Comparator,  Model  820C,  Is  recommended  for  the  photo- Interpreta¬ 
tion  task.  The  over-all  accuracy  of  the  Instrument  exclusive  of  the 
human  error  or  image  error  is  a  position  error  of  not  more  than 

0. 001  mm  or  0. 001  percent  of  the  stage  travel,  whichever  is  greater. 
For  the  70-mm  film,  the  accuracy  would  be  the  0. 001-mm  figure. 

2. 1. 2. 1. 1. 3  Uncertainty  of  Image  Resolution  -  This  last  error  source 
is  assessed  as  being  limited  by  the  photographic  resolution.  The 
rationale  for  this  assessment  is  that  the  accuracy  of  measurements 
between  photographs  approaches  the  repeatibillty  of  measurements  of 
of  a  single  photograph  within  the  limitations  of  the  film  gralnlness. 

This  logic  is  valid  if  the  photo  pair  is  separated  by  a  sufficiently  small 
time  interval  so  tliat  tlie  optical  errors  are  repeatlble  due  to  nearly 
identical  optical  conditions,  viewing  aspect,  contrast  ratio,  etc.  The 
logic  is  substantiated  by  examining  tiie  total  error  contributors  of  tae 
measurement  of  the  LOS  rate  snd  demonstrating  that  these 

measurement  errors  are  tolerable  for  a  small  time  interval  between 
photographs.  Tiie  error  iias  been  previously  related  to  the  error  in 
crossiiair  and  target  separation,^  ^9,  so  tliat  in  terms  of  the  enumera¬ 
ted  error  sources 


/  o  O  2 

=  Comparator  t  Visual  *  t  Film 

fAT 


(2-5) 

where  the  error  contributors  are  equivalent  distances  on  the  film  and 
f  is  the  focal  length  of  the  optical  system. 


2. 1. 2. 1. 1. 4  Required  Photo  Measurements  for  Small  Time  Interval 
Between  Pliotographs  -  To  determine  the  time  between  p'aoto  pairs 
(At)  it  is  necessary  to  establish  tiie  nagnltude  to  wr.icii  A 9  must 

be  determined  and  the  magnitude  to  which  A  can  be  measured. 


Table  2-2  gives  the  error  in  LOS  rate  as  a  function  of  percent  IMC 
based  on  t<ie  LOS  rate  at  an  altitude  of  160  n  ml,  and  an  orbital  velo¬ 
city  of  25,000  ft/sec.  Tliat  is,  from  percent 

_  Error  in  LOS  Angular  Rate 
LOS  Angular  l^te 

wliere  tiie  LOS  angular  rate  B  at  nadir  is 


9«  = 


V  _ 


N"  IT 


25,000  ft. /sec. 


160  mi.  x  6000  ft.  /min. 


=  0.026  rad. /sec. , 


=  5400  sec/sec. 
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The  angular  rate  at  nadir  does  not  represent  the  worst  case  in  terms 
of  smallest  A  0  to  be  measured  (this  would  occur  at  the  large  slant 
viewing  angles);  however,  it  is  more  rer'esentative  of  wlien  the  photo- 
interpretative  measurements  would  be  made,  so  tliat 
Ad  LOS  (»‘C4Ulred)  =  percent  IMC  X  d],|  . 


Table  2-2 

ALLOWABLE  ERROR  IN  LOS  RATE  AT  NADIR 


Percent  IMC 

A  d  (s^.  /sec.) 

0.20 

10.80 

0.10 

5.40 

0.05 

2.70 

0.02 

1.08 

The  required  time  between  photographs  may  be  computed  by  invoking 
the  constraint  that  the  measurement  error, (  ,  be  some  fractional 

part,  K ,  of  the  error  in  the  LOS  angle  A  d  ,  so  that: 


^  achievable  measurement  accuracy 
required  rate  limit  for  percent  IMC 


or 


At  2 


J\  2  2 

\/k*%  Comparator  *  j  Visual  C  film 
required  rate  limit  for  percent  EMC 


(2-6) 


It  must  be  remembered  that  to  vindicate  the  premise  that  image  uncer¬ 
tainty  will  be  limited  by  film  graininess,  the  computed  A  T  should 
satisfy  the  conditions  for  nearly  identical  viewing  conditions  between 


photographs. 


2. 1. 2. 1. 1.  S  Film  Graininess  Limitation  -  The  error  contributed  by 
the  graininess  of  the  photographs  is  the  rms  value  of  the  distance 
between  the  actual  center  and  the  measured  center  of  a  circular  tar¬ 
get  ana  is  given  by 


where  g  is  the  rms  granularity  as  published  by  Eastman  Kodak  for 
their  films,  and  C  is  related  to  the  target  contrast. 


C  is  related  to  the  target  contrast  C  at  the  periscope  objective  by 
C’  »  C/ 


[■  *  ra] 


(2-7) 


where  d  is  the  angular  resultion  of  the  photo-optical  system  and 
is  the  angular  subtension  of  the  target.  Table  2-3  gives  the  film 
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resolution  error  as  a  function  of  6  tor  Kodak  films  SO-243  and 

80-226.  The  target  contrut  is  taken  as  0. 0  smd  Kodak  gives  g  *  0. 016 
for  80-243  and  g  =  0. 031  for  80-226. 


Table  2-3 

FILM  RESOLUTION  ERROR 


Srf/^  t 

0.2S 

0.50 

1.00 

SO-243 

5.4 

6.9 

14.2 

SO-226 

7.8 

11.4 

26.6 

Assuming  8  not  to  exceed  0.  5,  it  follows  from  the  table  that 

the  film  graininess  error  will  not  exceed  6. 9  microns  for  the  slower 
80-243  film.  Therefore,  the  total  measurement  error  of  each  photo¬ 
graph  point  from  Equ:^tion  (2-6)  is  assessed  as 

f  (X  Y)  ^  Comp  +  f  ^  Visual  +  {  ^  film' 

^  (X  Y)  '  ^  1.0^  +  0  +  6.9^'  St  7. 0  microns  (2-8) 


where  the  visual  error  due  to  limitations  of  comparator  eyepiece  is 
considered  ignorable  by  merit  of  selection  of  an  eyepiece  where 

2. 1. 2. 1. 2  Hwto-Comparison  Technique  Errors  -  The  previous  error 
assessment  is  for  the  measurement  of  the  X  and  Y  coordinates  of  cross¬ 
hairs  and  targets  respectively.  The  value  for  Ad  is  computed  from  these 
readings.  It  would  be  desirable  to  overlay  the  photographic  negatives  to 
measure  the  change;  however,  the  problem  of  photograph  alignment  and 
viewing  through  two  films  appear  less  accurate  than  the  direct  measure¬ 
ments  on  each  i^tograph.  The  following  derivation  gives  the  distance 
computation,  A  d,  in  terms  of  the  measurements  from  the  photographs. 


Consider  that  the  measurements  are  made  from  the  photos  in  Figure  2-1. 
The  photos,  if  superimposed  would  appear  as  in  Figure  2-2.  If  the  cross¬ 
hairs  and  targets  were  aligned,  they  would  appear  as  in  Figure  2-3. 

rhoto  I  Wio*o  2 
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Figure  2-1.  Fhoto-Comparison  Technique 
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Figure  2-2.  Superimposed 
Photographs 


Figure  2-3.  Crosshairs  and 
Targets  Aligned 


Assuming  superposition  and  prominent  landmarks  A  and  B  to  be  identical 
to  A*  and  B*  (which  can  be  verified  by  a  validity  check): 

(Xa-  Xb)2  .  (Y^  -  Yg)2  =  (X^.  .  Xg.)^  .  (Y^.  -  Yg.)^  . 

From  the  measurements 


*A’  ^A’  *B’  ^B’  *C' 

Yq;  Xy^,;  Y^,:  Xg, 

e-tan*^fl§: 

Wh) 

V^B' 

Rotating  B  to  B’  and  C  to  C"  via  the  angle  ( 6-^  )• 

so  that  =  OC’  ■  {$- 

and  X^,,  =  R,  cos  a  ’  and  Y-,,  =  R,  sin  OC' 

*  Cl  1^2 

-her.  R,  .  [«(.-**)*  •  «c-’'a)*  ] 


1/2 


The  desired  Ad  =  [pC^,,  -  X,,,,)*  +  (y^,,  -  Y^,,,)^  ] 

Ad=  [(Xj,,.[  Rjcostt])*  ^  (Yj,,  -[Rj  sin<X'])2j 


1/2 
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which  In  terms  of  the  measured  parameters  Is: 

Ad.  [{Xc'-[(V*A)**(V’fA)']‘^' 

\  XB.-XA-/ 

-"m}'  •  {■'  ■[' 

.in/un-y^  y  ■“'Vxb'-XaA 
^  \x_-Xa/  yx-.-x.,  / 


cos  t  tan 


■V!c:Ia\ 

\V*a/ 


^C-^A 


n 


1/2 


-f  tan 


-1, 


Now  for  u  =  1  (X 
df 


du 


dX,  +  ^  d  X,  + 

dXj  1  ^Xj  2 


df 

7x, 


VLa 

*B-*A- 


dX_ 


1/2 


For  this  case,  considering  dX  ~  AX^  =  ^X, 


»Ad 


=  AX 


dAd  ^ 

dAd 

dA  d  ^ 

dAd 

dXA 

dXg 

^^B 

dAd  ^ 

dAd  ^ 

dAd  ^ 

dXA. 

dXg. 

dYg. 

„  -  =  AY„  =  Ay 
n-i  n 

dAd 


dX, 


dAd 

dx. 


(2-9) 

n-1 

dAd 

dAd 

dY^ 


It  becomes  apparent  that  the  partial  derivatives  become  tremendously 
unwieldy  for  this  evaluation,  so  to  gain  insight  into  how  these  measure¬ 
ment  errors  accrue,  consider  the  geometry  of  Figure  2>4.  One  of  the 
salient  ground  features  will  be  the  tracked  target  (say  pt  A),  so  that  if 
the  points  C  and  C  r^resent  the  crosshairs,  these  points  would  be  close 
together  on  the  70-mra  film.  It  is  assumed  that  there  is  translation  but 
no  rotation  of  the  crosshair  with  respect  to  the  ground  so  that  the  follow¬ 
ing  geometry  may  be  applied: 


Ad 


2 


where: 


AXa  =  XA-Xg 
AXa.  =  Xa.-x^, 
^^A  =  ^A-^B 


AYa.=  Ya. 


‘B’ 


Figure  2-4 
Geometry  of  Error 
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A  d  .  [  (X^-Xg  .  X^,  .  Xg,)»  .  (Y^-Yb  .  Y*.  .  Yg,)*  ] 


1/2 


(2-10) 


Assuming  independent  errors  in  the  measured  parameters  the  standard 
deviation  of  Ad  -  2o-^  Y  so  that  ^ =  14  microns. 


2. 1.2.1. 3  Time  Between  Photographs  vs  IMC  Requirements  -  The  pre- 
ceding  development  of  measurement  accuracy  requirements  leads  to  the 
following  relationship: 

i  (measurement  accuracy  in  micronu^  „  n>  .  V  2^  , 
- F^T55) - K%IMC(^oo.  S), 

where  f  is  focal  length  in  Inches 

AT  is  the  interval  between  photos  is  in  seconds 
K  is  the  fractional  part  of  the  LOS  rate  allotted  to  the  evalua¬ 
tion  error  procedure. 

The  above  equation  has  been  evaluated  (for  vai’ying  IMC  criteria)  for  K  -  1/5 
and  (  14  microns  at  nadir  (as  previously  rationalized)  to  determine 

f  At  and  A  T  for  the  36-inch  optical  system.  The  results  are  shown  in 
Table  2-4. 

Table  2-4 

TIME  BETWEEN  PHOTO  PAIRS  AS  CONSTRAINED  BY 
KIOTO-INTERPRETATIVE  EVALUATION  ERRORS 


Percent 

IMC 

fx  T  (sec.)  OR 
f  T  (in.  sec.) 

At  for  f  ^  36  ' 

0.20 

53 

1.4  sec. 

0.10 

106 

2.9  sec. 

0.05 

212 

5.9  sec. 

0.02 

530 

14.0  sec. 

These  preliminary  results  appear  to  vindicate  the  assumptions  of  the 
analysis. 

Variation  must  be  considered  in  target  size,  requirements  of  the  "k" 
factor,  film  selected,  etc. ,  which  affect  the  f  AT  requirements;  however, 
the  premise  ot  nearly  identical  viewing  conditions  appears  justified. 

This  area  of  analysis  is  recommended  for  more  detailed  considerations. 

2. 1. 2. 2  Accuracy  of  Target  Acquisition  -  Evaluation 

The  evaluation  of  target  acquisition  parallels  the  evaluation  of  IMC  with 
the  exception  of  the  uncertainty  of  the  target  center  due  to  image  resolu¬ 
tion.  For  IMC  evaluation,  the  measurement  between  photographs  is  a 
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relative  meaaurement.  The  resolution  is  film  limited.  Motion  of  the 
crosshair  with  respect  to  the  target  can  be  measured  even  if  this  refer¬ 
ence  target  has  poor  image  quality  as  long  as  there  is  consistent  image 
quality  from  photograph  to  photograph.  However,  the  accuracy  of  target 
acquisition  is  an  absolute  measurement  and  a  significant  criteria  of  eval¬ 
uation  is  the  angular  separation  or  equivalent  ground  distance  of  cross¬ 
hair  and  target.  This  absolute  definition  obtained  in  the  negative  is  limited 
by  the  resolving  power  of  the  lens  or  by  that  of  the  film  emulsion  used, 
whichever  is  lower. 

For  evaluation  of  the  target  acquisition  the  error  in  the  X  or  Y  coor¬ 
dinates  of  crosshairs  and  target  is  assessed  as  follows: 

®(X,  Y)  "  ®  visual  *  **  comp 

The  term  represents  a  slightly  different  measurement  hypothesis 
than  for  the  case  of  IMC  determination.  The  objective  is  the  determina¬ 
tion  of  a  target  position  on  a  single  photograph  so  that  repeatibility  of  the 
image  from  photo  to  photo  is  not  the  limiting  constraint.  In  this  case  the 
limitation  is  the  ability  to  measure  the  target  center  of  an  Irregular  shape 
wiiich  may  be  performed  to  within  some  fractional  part,  N.  of  a  photo- 
optical  resolution  element.  It  is  difficult  to  corroborate  the  estimates  for 
this  capability  since  most  photo-interpretative  measurements  are  limited 
by  measurement  instrumentation  errors.  The  vindication  of  this  assump¬ 
tion  IS  made  essentially  on  human  factors  studies  on  the  capability  to  de¬ 
fine  tile  center  of  an  irregular  shape  which  is  representative  of  the  target 
image  degraded  by  the  photo-optical  limitations.  This  capability  has  been 
estimated  as  one-half  the  photo-optical  resolution.  RpQ- 

The  parametric  analysis  of  the  visual -optical  system  made  in  Volume  m. 
Section  3  sites  the  target  acquisition  capability  of  the  operator  to  be  within 
6  to  12  seconds  of  arc.  Anticipating  the  same  operational  system  perfor¬ 
mance  levels,  and  invoking  a  previous  constraint  than  evaluation  measure¬ 
ment  errors  be  some  fraction,  K.  of  the  performance  error,  the  range 
of  measurement  requirements  become  1. 2  to  2. 4  seconds  of  arc  for 
K  =  1/5. 

With  these  assumptions  the  measurement  errors  may  be  related  to  the 
performance  errors  by: 
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It  is  further  assumed  that: 


C.2 


visual 


-)■  E 


2 


comparator 


2 


which  can  in  part  be  effected  by  the  selection  of  the  proper  comparator 
eyepiece  so  that  Rp^  >  and  in  part  vindicated  by  the  require- 

N 

ments  on  the  photo-optical  resolution,  indicated  in  Table  2.5. 

That  is,  by  this  assumption 

KAB  (4. 8x10"®  2^  =  RpQ 

25,400  Nf  ’ 

where:  Rp^  is  in  microns 

f  is  in  inches 

KAB  is  in  seconds  of  arc  . 

For  the  tabulation  1. 2  ^  <  KAB  <  2. 4  ^  and  N  =  1/2  as  prev¬ 

iously  described,  so  that: 

RpQ  =  0. 12  N  f  (K  A  fi  )  . 

Table  2-5 

PHOTO-OPTICAL  RESOLUTION  REQUIRED  TO  EVALUATE  TARGET  FIX  ACCU¬ 
RACY  TO  WITHIN  20  PERCENT  OF  EXPECTED  OPERATOR  PERIORMANCE 


f 

=  30 

f  - 

36 

f 

=-  40 

kAB 

’'fo 

(Microns) 

Res.  In 
Lines/mm 

’*FO 

(Microns) 

Res.  In 
Lines/mm 

*'fo 

(Microns) 

Res.  In 
Lines/mm 

1.2  sec. 

2.1 

475 

2.K 

385 

2.8 

350 

2.4  sec. 

4.3 

232 

5.2 

193 

5.7 

175 

2. 1. 2.3  Conclusions  on  Accuracy 

For  target  acquisition  determination, this  exercise  demonstrates  that  the 
experiment  performance  can  be  evaluated  for  the  candidate  system  where¬ 
in  the  evaluation  errors  can  be  constrained  to  fractional  parts  of  expected 
performance  errors.  The  results  in  Table  2-5  Indicate  marginal  de¬ 
sign  requirements,  i.  e. ,  high  photo-optical  resolution,  however,  the 
parametric  variation  of  K  and  N  are  significant.  Normally  target  resolu¬ 
tion  is  assessed  as  limited  to  the  photo- resolution  element,  i.  e. ,  N  =  1. 
Also  for  the  confidence  level  of  the  measurement  errors  with  respect  to 
performance  errors  should  be  traded-off  as  the  performance  level  in¬ 
creases.  For  example,  for  f  =  36  in. ,  N  =  1,  K  =  50  percent  for 
A  6  =12  seconds  of  arc  the  photo-optical  resolution  requirements  which 
support  the  evaluation  technique  are  approximately  40  lines/mm  which  is 
well  with  design  potential.  These  considerations  demonstrate  the  consid¬ 
erable  latitude  of  the  design  requirements  as  functions  of  the  assumptions 
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necessary  for  the  evaluation.  This  area  requires  additional  study,  especially 
in  the  photo  interpretative  capability  when  target  definition  accuracy  ap¬ 
proaches  the  resolution  accuracy,  however,  these  preliminary  conclusions 
do  support  the  evaluation  approach. 

2. 1.  3  Determination  and  Isolation  of  System  Error  Components 

The  photographic  data  analysis  enables  computation  of  the  total  system 
performance  for  IMC  and  target  acquisition  or  fix  taking  for  Experiment 
P-1. 

The  purpose  of  this  analysis  is  to  demonstrate  that  the  system  design  re¬ 
quirements  and  the  esqpected  error  budget  for  the  system  instrumentation 
are  compatible  with  constraints  for  IMC  performance.  A  second  object¬ 
ive  is  that  of  identifying  the  component  errors  which  limit  the  system 
capability.  In  evaluating  the  impact  and  potential  for  system  improve¬ 
ment  it  is  desirable  to  provide  the  following  information:  (1)  an  enumera¬ 
tion  of  significant  errors  of  the  IVSS  system;  (2)  the  "expense"  of  eval¬ 
uating,  measuring,  or  reducing  the  error  in  space,  that  is,  estimates  of 
either  the  operator  line  time  or  additional  equipment  which  will  be  nec¬ 
essary  to  make  these  evaluations;  (3)  where  possible,  suggested  tech¬ 
niques  for  evaluating  these  errors  in  space;  (4)  estimated  error  sources 
which  can  be  evaluated  on  the  basis  of  ground  tests  and  be  correlated  to 
the  space  environment. 

2. 1. 3. 1  Reference  to  Error  Budgets 

Error  budgets  for  the  various  modes  of  operation  are  summarized  in 
Table  S-1  of  Section  5. 2  and  are  reproduced  in  Table  2-6  for  purposes  of 
determini;ig  Impact  on  IMC  performance  capability. 

2. 1. 3. 2  Effect  of  Instrumentation  Errors  on  IMC  Evaluation 

The  estimated  pointing  precision  and  rate  precision  budgets  must  be  con¬ 
sidered  because  they  affect  the  IMC  performance  evaluation  and  fix  taking 
accuracy  respectively.  The  IMC  performance  evaluation  is  made  by 
relative  comparison  of  crosshair  and  target  displacement  from  photograph 
to  photograph.  Consequently,  systematic  errors  which  appear  constant 
from  photograph  to  photograph,  i.  e. ,  that  are  repeatible,  are  bias  errors 
in  the  photographs.  Only  those  error  sources  which  are  completely  ran¬ 
dom  from  photograph  to  photograph  affect  the  IMC  evaluation. 

In  determining  the  fix  taking  accuracy  or  the  target  acquisition  accuracy, 
which  is  an  absolute  measurement  made  from  a  single  photograph,  bias 
errors  will  affect  the  evaluation  procedure  in  a  different  manner  (to  be 
described).  Further,  any  experiments  in  which  pointing  commands  of 
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Table  2-6 

■TVSS  ESTIMATED  MAXIMUM  POINTING  PRECISION"  (In  Seconds) 


Error 

Sources 

Absolute 

Static 

Pointing 

Relative 
Pointing 
Modes  2  &  3 

Absolute  Dy¬ 
namic  Pointing 
Mode  4 

Remarks 

Std. 

Limit 

Limit 

Std. 

1  Limit 

Man 

Not 

±25 

±25 

±25 

±25 

±25 

E.S.S.  Data 

Servo  Static 

±2 

.5 

±2. 

5 

— 

H 

m 

See  Servo 

Servo  Dynamic 

Criti¬ 

cal 

±  1 

5 

±1 

5 

±15 

Section 

Optical  Axis 
Missalign 

±3.0 

±2. 

0 

±3.0 

±2.0 

Estimated 
(.0005"  dlsp) 

Reticle-to- 
Optical  Axis 

De¬ 

grees 

±4.0 

±2, 

0 

±4.0 

±2.0 

Estimated 
(.0005"  disp) 

Mechanical 

Mounting 

±70 

±17 

±70 

±17 

Itek  Data 

Pitch  Mir- 
rlor  Align 

0. 

k. 

±37 

±37 

■ 

Itek  Data 

Mechanical 

Bearing 

±20 

Itek  Data 

Pitch-Roll 
Axes  Non- 
Orthorgan- 
allty 

±14 

1 

Itek  Data 

Inertial  Ref¬ 
erence 

Align 

Inertial  Ref¬ 
erence 

Noise 

±15 

±60 

±10  j 

±4.0 J 

From  Vendor 
Brochure 

Computer 

and 

Equation 

Errors 

. 

. 

- 

. 

. 

. 

- 

±10 

±  5 

In-House  Data 
and  Est. 

RSS  (10-) 

n 

28 

8.5 

8 

.5 

36 
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additional  sensors  are  slaved  to  PTS  pointing  angles  would  be  subject  to 
the  absolute  pointing  limitations. 

In  determining  IMC  performance,  there  is  a  fine  line  of  distinction  be¬ 
tween  the  effect  of  bias  errors  in  the  angular  reference  which  is:  bias 
errors  may  effect  the  level  of  IMC  performance  but  not  the  IMC  evalua¬ 
tion.  Bias  error  such  as  reticle  misalignment,  mechanical  mountings, 
or  mirror  misalignment  Introduce  a  pointing  error  which  will  cause  the 
target  to  drift  because  pointing  commands  may  be  resolved  through  this 
error  angle.  However,  in  the  evaluation  of  IMC,  from  photograph  to 
photograph,  the  bias  errors  do  not  inhibit  the  determination  of  drift  of 
crosshair  and  target. 

IMC  determination  for  the  prime  digital  mode  where  ephemeris  updates 
have  been  made  presupposes  that  the  operator  has  been  capable  of  can¬ 
celling  Old  constant  drift  rates  so  that  IMC  made  for  post-track  evaluation 
would  be  limited  by  the  random  errors  when  the  system  is  operated  open 
loop  (hands-off).  From  the  items  enumerated  in  the  error  budget,  it  ap¬ 
pears  that  the  only  non-predictable  error  from  photograph  to  photograph 
is  the  servo  resolver  error  which  is  a  quantization  error.  Over  relatively 
small  time  intervals,  i.  e. ,  a  few  seconds,  the  remaining  items  in  the 
budget  would  either  be  removed,  repeatible,  or  predictable.  The  servo 
maximum  dynamic  error  is  cited  as  10  seconds  of  arc;  the  1  v  value  is 
assumed  as  3  seconds  of  arc.  The  compatibility  of  IMC  performance  and 
evaluation  as  limited  by  Instrumentation  error  is  demonstrated  by  ref¬ 
erence  to  Table  2-2  of  this  Lection.  Performance  of  IMC  to  0.05  per¬ 
cent  at  the  160  n  mi  altitude  requires  that  the  error  in  LOS  angular  rate 
be  less  than  3  sec.  /sec.  For  a  photo  pair  taken  10  seconds  apart,  the 
LOS  angular  rate  error  due  to  random  instrumentation  uncertainty  would 
be  0.  3  sec. /sec. ,  or  10  percent  of  the  constrained  system  performance 
level. 

2. 1. 3.  3  Isolation  of  Operator  Instrumentation  Errors  in  Fix  Taking 
Procedure 

The  second  area  of  interest  in  the  instrumentation  errors  and  how  they 
affect  test  evaluation  is  for  the  fix  taking  or  target  acquisition  evaluation. 
The  accuracy  of  the  fix  taking,  that  is  the  ability  to  determine  when  the 


16 


Sacrat 


Secret 


crosshairs  and  target  are  coincident,  as  limited  by  the  operator,  is  re¬ 
corded  by  the  photograph  taken  at  the  time  of  fix.  The  photographic  data 
analysis,  measures  the  man's  fix  taking  capability  apart  from  the  system 
pointing  inaccuracies. 

In  the  prime  digital  mode  in  which  ephemeris  updates  are  affected  by 
discrete  target  fixes,  the  LOS  pointing  angle  to  the  target  which  are  read 
from  the  sensors  include  the  pointing  errors  due  to  the  instrumentation, 
misalignment  errors  and  the  operator  error.  The  photo  taken  at  the  time 
of  the  fix  is  a  method  of  isolating  the  man's  performance  capability.  The 
accuracy  to  which  the  operator  may  be  assessed  is  limited  only  by  the 
photo-interpretative  errors  previously  discussed. 

2. 1. 3. 4  Error  Analysis  for  Analog  Instrumentation 
This  section  presents  an  analysis  of  errors  in  the  design  approach  for  the 
analog  instrumentation  for  Mode  2.  These  comments  are  pertinent  in  the 
discussion  of  error  Isolation  in  that  the  capability  to  evaluate  IMC  per¬ 
formance  in  this  mode  is  contingent  upon  the  ability  of  the  system  to 
maintain  IMC  in  open  loop  or  hands-off  operation  after  the  operator  has 
ceased  tracking. 

There  are  two  pertinent  factors  pertaining  to  the  capability  of  the  analog 
systems:  (1)  to  provide  the  man  with  sufficient  computational  assistance 
to  assure  that  he  can  track  to  criteria,  and  (2)  to  provide  a  system  that 
will  run  open  loop  in  post -track  operation  so  that  the  closed  loop  system 
may  be  evaluated. 

Two  analog  modes  have  been  identified,  one  for  tracking  with  no  system 
aiding,  and  a  more  sophisticated  analog  scheme  which  generates  part  of 
the  required  tracking  function  so  that  the  system  will  maintain  the  IMC 
level  for  a  sufficiently  long  time  interval  to  enable  evaluation  of  the  IMC. 

The  evaluation  procedure  has  been  to  determine  the  required  rate  gen¬ 
eration  function  for  a  flat  Earth  model,  to  elect  a  candidate  analog  in¬ 
strumentation,  and  to  assess  the  drift  rates  which  would  be  incurred  by 
this  system  in  open  loop  performance. 

2. 1. 3. 4. 1  Derivation  of  Exact  Tracking  Function  -  The  most  general  case 
of  the  required  rates  may  be  obtained  from  the  configuration  of  Flgiire  2-5 
where  R  and  V  are  assumed  to  be  misaligned  by  the  angle  fi  which  is 
referenced  in  the  roll  plane  to  9  |^  =  0  by  the  angle  OC  ^ . 
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The  required  rates  as  functions  of  V,  H,  9  1^,  dp,  /9  and  OC^  are 
developed  as: 

H 


OT  = 


w 


cos9p  cos  9  p 


;  OP  = 


CO£ 


H 

9 


^Normal  (in  Plane  OTP) 
OT 


^OT 
In  Plane  OPT: 

^NormalOT  =  ^  cos^cosdp  -V  sindp  sin^^^3(0C^  -  9p) 


*••_=—  cos  9  _ 
P  H  P 

cos  9p  ^cos  0  cos  9  p  -  sin  9^  sin  0  cos 

-«„)1 

(2-12) 


Also,  la 


_  =  Normal  OP  =  Vsini9  sin  ((to- Bn) 

“or  OP  - OP  ^ 


«tf| 


'OT 


cos  9  p  sin  j9  sin  ®r) 


(2-13) 


For  the  case  where  the  misalignment  between  the  velocity  vector  and  the 
roll  axis  is  zero  or  small  Equation  (2-12)  simplifies  to: 

V 


<1* 


OT 


H 


2 

cos  9  p  cos  9  p  . 


(?-14) 


2. 1. 3. 4. 2  Candidate  Analog  Instrumentation  -  The  candidate  analog  instru¬ 
mentation  which  is  recommended  is  one  which  resolves  the  hand  control 
through  the  pitch  and  roll  angles  as  in  Equation  (2-14)  by  employing  the 
instrumentation  shown  later  in  Figure  4-3. 


For  the  pitch  rate  loop,  consider  that  the  tracking  ends  at  time  t^  and 
that  at  9  pj  ^  tj  ,  the  generated  pitch  rate  is  exact  by  assuming  the 
astronaut's  capability  to  effect  exact  tracking,  then  the  hand  control  func¬ 
tion 

‘-HC=  *  <®R,  ®P,  /9,a^  ,  "P^  >  i»  resolved  through 

9p  and  9p  so  that: 

2  V 

«Hc  cos9pj  cos  9 PI  =  =  IT  cos9pj  cos9pj 

1^  cos/S  cos  9  pj  -  sin  9  pj  sin/8  cos  (OC^j  -  9^)  J  (2-15) 

^  ’  V  r 

"hc=  in^9pj  [coB^cosdpi  -  sin9pi  sin^cos  (a^- 

(2-16) 

Now  if  the  loop  is  allowed  to  run  open  loop  for  At,  the  generated  Wp 

OT 

at  9  p2  and  9  p2  is  the  w  signal  held  and  resolved  through  the 
updated  angles. 
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Wp  =  COB  0p-  .  V 

*^0T(2) 


H  COB  8 


[  cos  /9  J  cos  e  pj 


PI 


-slndp^  Bin  fi  COB  (CC  ^  "^Rl)] 
whereas,  the  exact  rate  dp2  should  be  (from  the  exact  solution): 


(2-17) 


,p2  V— vw  - -g-  coo  «»  p2  [co»^  2 


«Tjo  (exact)  =  -5-  cos  6 


cos  6 


cos  6 


P2 


-slndp2  (®/52  ■®R2^  ]  ■ 


(2-18) 


2. 1. 3. 4. 3  Error  In  Pitch  Rate  Command  -  The  error  in  pitch  rate  at 
6  p2  Is:  Equation  (2-18)  -  Equation  (2-17)  and  the  decimal  percent  error 
in  LOS  rate  is: 


decimal  percent  e 


w. 


Eq.  (2-18)  -  Eg.  (2-17) 
Eq.  (2-18) 


'P2 


Substituting  in  the  above: 

([cos^2C08Sp2  -  8in9p2 8in^2 <“^2 '  PI  ‘  ®R1^] 


%6|||  = 


C08i*2  C08Sp2  -  slnep2  “^2 •“/8  2  '  ®R2^ 


cos  9 


[cos^l  cosfipj  -  sinfipj  sin^j  cos  (spj  -  8^^^)]} 


cos  I 


denominator 


The  following  assumptions  are  made  to  estimate  the  error: 
e  That  cos  (c1^-9r)-1  (i.  e. ,  worse  case) 

e  That  $2^1  which  states  that  the  misalignment  change 
between  evaluation  points  is  ignorable,  which  appears  sound 
for  small  time  intervals. 


So  that:  %  e  „ 

"P 


decimal  %  e 

P 


becomes: 

^cosj9co89p2  -  8in9p2  sln^j 
co8/3cos9p2-  8in9p2  sin/9 


percent  e  „ 

P 
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cos  (9p2 


hclO" 
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An  additional  aaaumptlon  will  be  made  in  evaluating  the  error:  that 

closed  loop  tracking  will  terminate  at  nadir,  i.  e. ,  &  p  ^  =  0  degrees. 

This  is  the  optimum  pitch  angle  to  terminate  track  and  commence  open 

loop  evaluation.  At  this  point  w  _  =  w  „  but  w  p  =  0  so  that  the  effect 

*^max 

of  the  hold  is  maximized. 

Therefore,  Equation  (2-20)  reduces  to: 

%  =  po<»  (gp2  ^^)-cosgpa  .  cos^l  ^2 

^  cos  /9  j  (2-21) 

From  Equation  ( 2-21)  it  is  apparent  that  the  accruing  error  in  pitch 
rate  due  to  this  analog  implementation  is  critically  dependent  on  the 
initial  misalignment  vector  .  As  previously  noted,  with  this  candidate 
instrumentation,  the  rate  generation  by  updating  the  command  rate  through 
the  pitch  and  roll  angles  is  precise  (to  the  model)  if  /S  is  zero. 


Table  2-7  shows  the  percent  error  in  pitch  rate  for  increasing  slant 
viewing  angle  for  several  Initial  misalignment  angles.  It  is  estimated 
that  =  3  degrees  since  this  is  the  maximum  excursion  of  the  at- 

tltude  control  limit  cycle. 


Table  2-7 

PITCH  RATE  ERRORS 


0. 

0.5“ 

i.o“ 

1.5“ 

2.o“ 

2.5° 

3.0° 

0.016 

0.032 

0.047 

0.062 

0.078 

0.093 

2.0°  \ 

0.031 

0.062 

0.093 

0.123 

0.153 

0.184 

3.0° 

0.047 

0.093 

0.138 

0.184 

0.229 

0.305 

5.0° 

0.076 

0.153 

0.229 

0.304 

0.381 

0.457 

7.0° 

0.108 

0.214 

0.320 

0.426 

0.533 

0.639 

.  10.0° 

0.153 

0.304 

0.456 

0.607 

0.759 

0.911 

2. 1. 3. 4. 4  Conclusion  on  Candidate  Analog  Instrumentation  -  It  should  be 
emphasized  that  the  percent  errors  in  the  LOS  rate  shown  in  Table  2-7  are 
due  only  to  computational  error.  To  perform  the  evaluation  of  IMC 
achieved  in  this  mode  the  error  in  instrumentation  and  the  error  in  photo¬ 
graphic  interpretation  must  be  included.  These  sources  have  been  pre¬ 
viously  discussed;  however,  the  error  contributed  by  the  computational 
technique  alone  points  out  the  constraint  of  maintaining  a  small  misalign¬ 
ment  angle  .  The  allowable  angle  8  p2,  which  is  the  difference  in 
pitch  angle  over  which  evaluation  photographs  are  taken,  is  constrained 
by  the  percent  IMC  performance  which  is  desired.  From  Table  2-8,  for 
small  ff,  it  is  apparent  that  8  p2  °>u8t  be  only  a  few  degrees  at  maxi¬ 
mum.  Table  2-8  gives  the  time  aiqproxlmate  interval  for  evaluation  as  a 
function  of  8 

P2* 
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Table  2-<8 

EVALUATION  OF 

_ P2 


®P2 

At 

1“ 

0.67 

2° 

1.34 

30 

2.01 

4® 

2.68 

5° 

3.34 

where  A  t  has  been  evaluated  lor  the  flat  Earth  model  at  the  160  n  ml 
altitude  and  0  degrees,  that  Is,  evaluation  begins  at  nadir. 

To  maintain  as  a  small  angle,  say  less  than  one  degree,  it  may  be 
possible  to  constrain  the  cycling  of  the  attitude  control  system  as  some 
predictable  function  of  drift  time  so  that  the  misalignment  angle  is  pass¬ 
ing  through  zero  at  the  time  of  nadir.  Sophistication  of  the  evaluation 
techniques  and  possible  modifications  to  the  instrumentation  scheme  are 
sureas  recommended  for  additional  study. 

2.2  Aaaljrtla  sf  Mama  CoatiibalioBa 

The  underlying  rationale  for  measurement  of  human  contribution  is  based 
upon  adequate  knowledge  and  measurement  of  system  error  and  environ¬ 
ment.  The  establishment  of  a  system  error  budget  which  Includes  appro¬ 
priations  for  human  error  in  tracking  and  measurement  of  results  is 
described  in  Section  2. 1.  The  human,  in  an  operational  sense,  may  con¬ 
tribute  in  varying  degrees  over  a  range  of  dynamic  conditions  and  environ¬ 
mental  constraints.  It  is  important  to  establish  the  boundaries  or  limits  of 
human  abilities  in  order  to  predict  human  effectiveness,  given  operational 
and  environmental  parameters,  in  the  most  efficient  and  practical  manner 
in  space. 

The  requirements  for  prediction  of  human  contribution  are  reflected  in  the 
objectives  and  in  the  design  of  the  three  primary  e]q>erlments  relating  to 
acquisition  and  tracking  of  terrestrial  and  space  targets.  The  basic 
approach  consists  of  establishing  subexperiments,  each  with  its  objectives 
and  within-ejqwriment  priorities.  The  three  primary  experiments  will  be 
conducted  in  parallel  in  a  manner  that  will  ensure  an  adequate  sample  of 
the  sighting  problems  under  a  range  of  dynamic  and  environmental  con¬ 
straints  and  will  sequentially  test  those  aspects  of  interest  established 
through  simulation.  Orbital  relationships  and  environmental  conditions 
will  be  measured  in  an  adequate  number  of  cases  in  order  tj  predict  the 
level  of  contribution  of  man  on  subsequent  operational  missions. 
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The  techniques  of  assessment  of  human  contribution  imply  measurement 
of  system  errors,  system  performance,  and  human  performance  at  several 
levels  of  complexity.  The  technique  is  seen  as  a  building  block,  each  level 
contributing  knowledge  of  results  and  some  predictive  capability  on  a  sched¬ 
ule  compatible  with  the  conduct  of  the  experiments.  The  levels  of  assess¬ 
ment  are  seen  as  ranging  from  qualitative  comment  by  the  observer /experi¬ 
menter  on  the  experiment  to  a  final  correlative  experimental  analysis 
which  will  permit  prediction  of  human  performance  boundaries  under  real- 
world  constraints.  The  measurement  and  analysis  of  human  contribution 
in  meeting  the  objectives  of  the  primary  IVSS  experiments  will  begin  on¬ 
board  the  vehicle  with  return  of  data  to  the  experiment  control  center  as 
quickly  as  possible.  The  techniques  of  measurement  and  assessment  vary 
in  complexity  and  with  respect  to  the  location  of  the  analysis  and  the  types 
and  number  of  data  points  necessary  for  the  analysis.  Additional  descrip¬ 
tions  of  possible  parameters  for  measurement  are  included  in  Section  3. 0. 

The  method  of  analysis  primary  for  experiment  P-2  differs  from  that 
primary  experiments  of  P-1  and  P-3.  This  method,  described  in  the  P-2 
experiment,  is  required  to  handle  the  unique  aspects  of  the  space  target 
acquisition  and  tracking  problem  which  does  not  lend  itself  to  the  design 
approach  of  replicating  over  identical  dynamic  and  environmental  condi¬ 
tions.  A  formal  experiment  design  for  experiment  P-2  will  be  formulated 
during  Phase  I  vdien  dynamic  constraints,  target  availability,  and  results 
of  preliminary  simulation  studies  can  be  adequately  weighed. 

Analysis  of  results  on  board  the  vehicle  is  recommended  for  the  following 
reasons: 

•  The  problem  of  return  and  recovery  of  information  is  minimized 

•  The  experimenter /observer  is  provided  with  knowledge  of  the 
results 

•  The  data  regarding  human  capabilities  in  measuring  and  inter¬ 
preting  photographic  data  in  space  is  obtained 

•  The  flight  crew/experimenter  progress  is  dependent  upon  first 
hand  knowledge  of  the  situation  and  results. 

However,  the  method  of  on-board  measurement  and  analysis  does  not  pre¬ 
clude  the  final  accomplishment  of  this  task  on  the  ground  after  the  data  has 
been  recovered.  Rather,  the  final  measurement  and  analysis  will  provide 
data  regarding  human  capabilities  and  reliability  in  measurement  and 
analysis  of  complex  photographic  images  in  space,  while  permitting  pre¬ 
diction  of  performance  in  other  laboratory  deployments. 

The  on-board  analysis  depends  upon  the  processing  of  the  photographic 
records.  A  processing  technique  must  be  chosen  which  offers  minimal 
weight  penalties  and  little  contribution  to  toxicity  or  contamination  of  the 
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vehicle  atmoephere.  The  characteristics  of  possible  processes  including 
weight,  power,  and  volume  are  discussed  in  Volume  m.  Flight  crew 
skills  required  to  perform  the  processing  are  considered  minimal,  as  this 
is  a  routine  operation.  Toxicity  and  vehicle  atmosphere  constraints  will 
be  considered  in  Phase  I. 

The  recording  and  briefing  media  of  the  IVSS  have  been  standardized  at 
70  mm  to  minimize  the  logistics  problem,  provide  a  maximum  level  of 
interchangeability,  and  provide  for  flexibility  in  display  and  evaluation 
techniques.  Briefing  material,  the  visual  evaluation  tracker,  the  record¬ 
ing  cameras,  and  the  on-board  image  analysis  devices  are  designed  to 
accommodate  the  70  mm  format. 

Table  2-9  is  a  compilation  of  probable  primary  experiments,  subexperi¬ 
ments,  and  parameters  of  interr.st  requiring  control,  measurement,  or 
assessment  of  impact  upon  total  human  performance. 

It  has  been  recommended  that  first-order  analyses  of  results  be  made  on¬ 
board  the  vehicle  to  permit  assessment  of  human  contribution  in  meeting 
the  various  experiment  objectives  and  LOS  angular  rate  determination 
criteria,  as  well  as  modification  of  the  sequential  design,  if  required. 
However,  due  to  the  requirements  to  measure  atmospheric  and  weather 
conditions,  analyses  required  to  establish  the  limits  of  hunuui  contribution 
as  a  function  of  environmental  and  other  constraints  will  be  accomplished 
on  the  ground  as  follows: 

•  Measurements  of  photographic  data  will  be  made  to  establish 
the  following: 

(a)  The  reliability  and  precision  of  the  human  in  acquiring, 
tracking,  and  photographing  the  targets  and  conditions  specified 
in  the  sequential  experiment  design 

(b)  The  limits  of  hiunan  Cfq>ability  under  a  spectrum  of  environ¬ 
mental  and  mission  constraints 

(c)  The  effectiveness  of  simulation  and  training  for  acquisition, 
tracking,  and  on-board  analysis 

(d)  The  reliability  and  precision  of  human  in-space  measure¬ 
ment  of  photographic  data. 

•  Analyses  of  photographic  data  will  be  made  to  establish  the 
following: 

(a)  The  adequacy  of  human  processing,  quality  judgment,  and 
analysis  of  photographic  data  in  space 

(b)  The  human  ability  to  describe  and  comment  upon  charac¬ 
teristics  of  the  time-varying  visual  image 

(c)  The  human  ability  to  perform  "change  detection" 
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(d)  The  effectiveness  of  training  and  experience  upon  analysis 
of  photographic  data  in  space 

(e)  The  quality  and  content  of  photographic  data. 

e  Correlative  analyses  will  be  made  utilizing  a  conventional 

factorial  analysis  with  the  data  pool  and  space  results,  meas¬ 
ured  atmospheric  effects,  and  telemetered  data  to  establish 
the  following: 

(a)  Boundaries  of  human  performance  over  time 

(b)  Contribution  of  environ.nent,  dynamics,  and  other  con¬ 
straints  to  error  variance 

(c)  Requirements  for  subsequent  laboratory  deployments 

(d)  Types  and  limits  of  testing  for  sequential  design. 

Detailed  descriptions  of  telemetered  system  parameters  and  values, 
operator  performance,  and  other  parameters  of  Interest  are  Included  in 
Volume  m.  Approaches  to  ground  analysis  and  control  of  experiments 
has  yet  to  be  established. 

2.2.1  Continuity  in  Measurement  and  Analysis  of  Human  Contribution 
Measurement  of  human  contribution  to  the  complex  task  of  acquisition  and 
tracking  of  earth  and  space  targets  will  be  accomplished  most  effectively 
if  conducted  on  a  systematic  longitudinal  base,  with  careful  attention  to  the 
establishment  of  a  data  pooL  The  long  periods  of  training,  performance 
analysis,  and  operational  skills  acquisition  make  it  mandatory  to  measure 
the  potential  flight  crew  member  pool  in  a  systematic  fashion,  establishing 
a  data  base  for  each  individual  and  the  group  as  an  entity  over  the  entire 
period.  In  this  manner,  anomalies,  histories  of  skiUs  development,  per¬ 
formance  limits,  criteria  for  sequential  experimental  designs  for  in-space 
measurements,  and  information  for  on-board  measurement  for  purposes  of 
man-calibration,  a  key  requirement,  will  emerge. 

Measurement  of  human  performance  during  deployment  of  the  laboratory 
will  of  necessity  be  limited  to  a  small  number  of  subjects  (probably  two) 
over  a  month-long  period.  The  best  measurement  and  analysis  technique 
appears  to  be  measurement  of  within-subject  variability,  each  subject 
acting  as  his  own  control  by  applying  a  sequential  design,  the  test  para¬ 
meters  of  which  have  been  established  by  simulation  studies.  However, 
subsequent  ground  comparison  of  results  with  that  of  the  flight  crew  data 
pool  by  conventional  factorial  techniques  will  permit  assessment  of  the 
human,  as  well  as  prediction  of  performance  on  subsequent  laboratory 
deployments.  Longitudinal  measurement  of  individual  and  group  perform¬ 
ance  during  training,  laboratory  deployment,  and  postflight  period  is 
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essential,  primarily  due  to  the  small  number  of  subjects  that  will  be  ex¬ 
posed  to  space  flight  and  the  probable  severe  constraints  upon  crew  time 
available  for  experimentation. 

A  postfllght  assessment  of  crew  performance  must  be  conducted  to  estab¬ 
lish  a  data  base  for  determining  any  changes  as  the  result  of  orbital  flight 
or  experience  and  as  a  method  of  verifying  the  fidelity  and  adequacy  of 
simulation  hardware  and  measurement  techniques. 

A  data  pool  concept  and  methods  of  measurement  of  the  flight  crew  members 
on  a  longitudinal  base  will  be  outlined  during  Phase  I.  Simulation  results 
of  Phase  I  will  be  applied  to  the  definition  of  orbital  tests  that  conform  to  a 
sequential  fractional  factorial  design,  permitting  minor  modification  of 
experiment  objectives  during  flight  as  results  become  known. 
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3.0  Bxparlmiatal  Preeidaraa  Planning 
3.1  Introdnetion 

The  approach  to  meaeurement  of  human  contribution  in  terms  of  system 
and  .human  error  sources  has  been  described  in  Section  2. 0.  Man's 
ability  to  acquire,  track,  and  characterize  a  variety  of  terrestrial  and 
space  twgets  must  be  tested  over  a  spectrum  of  environmental  constraints, 
dynamic  relationships,  and  other  related  factors.  In  addition,  human 
contribution  must  be  defined  in  specifics  as  well  as  in  terms  of  limits  of 
human  capabilities,  with  particular  Interest  in  definition  of  worst  case  or 
lower  boundary  conditions.  Thus  an  approach  must  be  taken  which  will 
permit  quantification  of  the  impact  of  environmental  constraints,  dynamic 
relationships  between  target  and  vehicle,  target  types,  and  system  modes 
of  operation.  The  most  effective  methodology  of  quantifying  human  per¬ 
formance  imder  these  conditions,  some  of  which  can  be  measured  but  not 
controlled,  is  the  application  of  a  design  requiring  adequate  numbers  of 
sets  or  replications  of  the  sighting  problems  over  a  specific  time.  In  this 
manner  human  performance  can  be  described  at  stages  during  the  ex¬ 
periment,  and  ultimately  predicted  as  a  function  of  the  key  constraints 
provided  these  constraints  are  measured  during  the  acquisition  and  track¬ 
ing  tasks,  and  correlated  with  the  results. 

The  primary  e^>eriments  defined  in  this  section  are;  (1)  P-1,  "Acquisi¬ 
tion  and  Tracking  of  Pre-assigned  Ground  Targets” ,  (2)  P-2,  "Acquisi¬ 
tion  and  Tracking  of  Space  Targets",  and  (3)  P-3,  "Acquisition  and 
Tracking  of  Targets  of  Opportunity  on  Land  and  on  the  Oceans".  The 
major  objective  of  these  experiments  is  to  determine  human  contribution 
to  the  acquisition  and  subsequent  tracking  of  targets  with  line  of  sight 
(LOS)  rate  compatible  with  precise  image  velocity  determination.  The 
experiments  have  been  designed  to  measure  and  quantify  human  contribu¬ 
tion  to  meeting  this  objective.  However,  other  unique  capabilities  of  the 
human  will  be  assessed  as  well,  permitting  predictions  to  be  made  re¬ 
garding  human  abilities  across  the  range  of  operational  and  environmental 
constraints  likely  to  be  encountered  during  future  fli^s. 

The  primary  experiments  make  maximal  use  of  the  flight  crew  experi¬ 
menter,  who  by  definition  must  be  a  highly  qualified  photo-optical  experi¬ 
menter  to  ensure  an  adequate  probability  of  meeting  eiqperiment  objec¬ 
tives.  Higher-order  Judgment,  reasoning,  and  Interpretive  skills  of  the 
human  are  required  during  the  experiments.  The  Judgment  of  experiment 
progress  and  probable  outcome,  the  characterization  of  the  ongoing  process 
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of  acquisition  and  sighting,  and  the  initial  precise  measurement  of  the 
e:q)erimental  results  will  be  accomplished  on  board  the  vehicle.  In  es¬ 
sence,  the  crew  members  will  serve  as  subjects,  experimenters,  sys¬ 
tems  engineers,  maintainers,  data- reduction  specialists,  and  image  in¬ 
terpreters,  serving  at  all  potential  levels  of  human  contribution  from  sys¬ 
tem  power  activation  to  complex  photo  Interpretation.  Careful  attention 
to  selection  and  training  is  necessary  to  ensure  that  the  flight  crew  can 
function  effectively  at  the  desired  levels. 

An  attempt  has  been  msule  to  identify  the  various  levels  of  human  capabil¬ 
ities  and  potential  contribution  to  meeting  the  major  experiment  objectives 
The  experiment  design  is  intended  to  measure  all  levels  of  contribution  in 
a  systematic  and  controlled  manner,  such  that  the  type,  the  reliability, 
and  the  limits  of  contribution  of  the  human  will  be  measured  and  can  be 
predicted  with  an  acceptable  degree  of  confidence. 

It  must  be  emphasized  that  the  design  and  analysis  of  In-space  experi¬ 
ments  is  an  iterative  process,  leading  from  early  to  final  definition  by  a 
process  of  detailed  planning,  simulation  and  analysis.  The  .tiajor  factor 
affecting  the  in-space  experiments  is  of  course  the  requirement  to  quan¬ 
tify  and  predict  those  levels  of  human  contribution  which  can  be  estab¬ 
lished  by  means  other  than  orbital  flight.  As  simulation  studies  progress, 
the  design  of  orbital  experiments  will  change  with  the  goal  of  increasing 
efficiency,  probability  of  success,  and  predictive  power,  while  mini¬ 
mizing  the  crew  time  requirements  and  on-board  experimental  apparatus 
necessary  to  conduct  the  experiments  and  analyze  results. 

IBM  recommends  that  the  primary  experiments  be  conducted  over  a 
series  of  MOL  deployments.  The  type  of  human  contribution,  at  a  high 
level  from  the  very  beginning,  will  be  tested  with  regards  to  judgmental 
and  interpretitive  capabilities  once  the  basic  questions  regarding  human 
abilities  to  acquire  and  track  a  series  of  targets  under  a  wide  variety  of 
constraints  has  been  established.  Thus,  the  subsequent  flights  would  be 
more  open-ended,  or  less  rigidly  controlled,  once  the  necessary  repli¬ 
cations  had  been  obtained  under  controlled  conditions,  permitting  the 
limits  of  man's  acquisition  and  tracking  capabilities  to  be  established. 

The  impact  of  the  primary  ejqperiment  objectives,  design,  and  analysis 
was  assessed  at  intervals  by  a  design  review  team,  to  ensure  that  ex¬ 
periment  requirements  were  reflected  in  the  final  system  design.  Ele¬ 
mental  simulations  provided  necessary  data  for  experiment  planning  and 
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•ystem  design  as  well.  Subsystem  design  constraints  and  trade-off  data 
were  diseunaed  with  the  e]q>erlment  planner  to  ensure  that  the  subsystem 
Incorporated  the  necessary  capabilities  to  conduct  the  e^eriments  with¬ 
out  undue  reliability,  cost,  weight,  and  power  penalties. 

Table  3-1  represents  a  summary  of  the  crew  time  requirements  nec¬ 
essary  to  conduct  Primary  E]q>eiiments  P-1,  P-2,  and  P-3  during  the 
Initial  deployment  of  the  laboratory.  The  e^qwriment  sets  and  replica¬ 
tions  have  been  determined  with  attention  to  the  realistic  constraints  upon 
the  crew,  the  availability  of  targets,  environmental  constraints,  and  prob¬ 
able  laboratory  configuration. 

S.2  Primary  Exparlmaat  P-l-'Aeqniaition  and  Tracking  of  Pra-Asalgnad 
Bronnd  Targat' 

Primary  Experiment  P-1  is  reported  in  a  form  similar  to  the  MOL  Data 
Book  to  permit  integration  of  the  major  primary  experiments.  Only  those 
items  directly  related  to  measurement  of  human  contribution  are  in¬ 
cluded,  however.  The  engineering  data  will  be  found  in  Volumes  n  and 
m  of  the  IVS8  Final  Report.  Other  data  relating  to  selection,  training 
and  task  descriptions  are  included  in  Volume  IV,  and  are  referenced  where 
appropriate. 

3.2.1  Eaqperiment  Objective 

The  major  objective  of  Experiment  P-1  is  to  assess  man's  capability  to 
acquire  and  track  pre-assigned  ground  targets  to  an  accuracy  compatible 
with  the  requirements  for  precise  image  velocity  determination.  However, 
an  adequate  assessment  of  human  capabilities  in  the  above  area  requires 
that  a  set  of  specific  objectives  be  established.  The  specific  objectives 
are  as  follows: 

e  To  assess  man's  capability  to  acquire  and  track  pre-assigned 
terrestrial  targets  under  a  wide  variety  of  mission  and  en¬ 
vironmental  constraints. 

e  To  assess  man's  capability  to  track  a  pre-assigned  ground 
target  with  llne-of-sight  angular  rate  determination  better 
than  0. 2  percent,  in  several  system  modes  of  operation. 

e  To  determine  man's  utility  in  selecting  e]q>osure  time,  film 
type,  and  filters  as  a  function  of  target,  mission  require¬ 
ments,  and  environmental  constraints. 

e  To  assess  human  capability  to  decide  whether  conditions  are 
appropriate  for  taking  of  photographs,  hereafter  referred  to 
as  crew  quality  Judgments. 
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Table  3-1 

SUMMARY  OF  CRKW  TIMK  HIXJUIHKMKNTS,  PRIMARY  KXPKHIMKNTS 
P-1,  P-2,  and  P-3  -  INITIAL  FLIGHT 


Experiment/Sub- Experiment 

ToUil 

No.  of  Sets 

Length 

Of  Set 

Crew  Member  A 

Crew  Member  H 

Tot 

Sighting 

Analysis 

Sighting 

Analysis 

P-1  Acquisition  and  Trackini;  ol 

30 

12  hr  33  min 

10  hr  0  min 

12  hr  35  min 

io  hr  0  min 

15  h 

Pre-Assigned  Ground 

Targets 

1 

P-1.1  Alignment  Calibra- 

12 

13.0  min 

1  hr  30  min 

1  hr  30  min 

;i  h 

tion 

24 

7  hr  0  min 

7  hr  0  min 

14  h 

in  Primary  Mode 

P-1.3  Change  Detection 

10 

— 

- 

14 

4  hr  05  min 

4  hr  05  min 

P-l.S  Classification- 

30 

40  min 

10  hr  0  min 

10  hr  0  min 

20  h 

Measurement 

P-1.6  Maintenance 

(10) 

(90.0  min) 

(15  hrs) 

(13 

P-2  Acquisition  and  Tracing 

60 

3  hr  30  min 

5  hrs  0  min 

3  hr  30  min 

5  hrs  0  min 

17  1 

of  Space  Targets 

r-2. 1  Coplanar  targets  - 

20 

16.0  min 

2  hr  40  min 

2  hr  40  min 

5  1 

Measurement-Analysis 

20 

20.0  min 

3  hr  20  min 

3  hr  20  min 

C  1 

P-2.2  Fly-by  targets— 

10 

10.0  min 

0  hr  50  min 

0  hr  50  min 

1  1 

Measurement-Analysis 

10 

20.0  min 

1  hr  40  min 

1  hr  40  min 

3  1 

P-3  Acquisition  and  Tracking 

54 

6  hr  0  min 

5  hr  15  min 

;6  hr  0  min 

5  hr  15  min 

22 

of  Targets  of  Opportunity 

P-3. 1  Terrestrial  Targets 

20 

15.0  min 

3  hr  0  min 

3  hr  0  min 

6 

Measurement-Analysis 

8 

45.0  min 

3  hr  0  min 

3  hr  0  min 

6 

P-3.2  Ocean  Targets- 

20 

15.0  min 

3  hr  0  min 

3  hrO  min 

1 

6 

Measurement  Analysis 

6 

45.0 

2  hr  15  min 

2  hr  15  min 

4 

Totals 

194 

26  min  avg 

1 _ 

22  hr  05  min 

i _ 

20  hr  15  min 

22  hr  05  min 

20  hr  15  min 

84 

(1)  F-l. 3  conducted  u  Integral  part  oC  P-1.2  (2)  Both  crew  mentbers  qualified  as  P-1,  P-2,  P-3  experimenters.  (3)  Crew  nr 
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Tabic  3-1 

SUMMARY  OF  CRKW  TIMK  HKOUIHKMKNTS,  PRIMARY  KXPKRIMKNTS 
P-1,  P-2,  and  P-3  .  INITIAl.  FUGIIT 


-Kxpcrimcnt 

Total 

Length 

Crew  Member  A 

Crew  Member  U 

No.  of  Sets 

Total  Time 

Remarks 

Sigliting 

Analysis 

Sigliting 

Analysis 

il  Trackini;  o! 

80 

12  hr  35  min 

10  hr  0  min 

12  hr  35  mfn 

10  hr  0  min 

15  hr  10  min 

Average  task  load  of 

Ground 

40.0  min/day  |)er  crew 

member  C-K  Alignment 

Calibration.  Applicable 

jnt  Calibra- 

12 

15.0  min 

1  hr  30  min 

1  hr  30  min 

3  hrs  0  min 

to  P-1,  P-2,  l>-3. 

Alignment/Calibration 

signed  Targets 

24 

35,0  min 

7  hr  0  min 

7  hr  0  min 

14  hr  0  min 

lary  Mode 

■ 

Detection 

10 

Performed  as  part  of 

P-1.2. 

te  Modes 

14 

35.0  min 

4  hr  05  min 

4  hr  05  min 

8  hr  10  min 

Analysis  and  measure- 

m’.’nt  of  results. 

cation- 

30 

40  min 

10  hr  0  min 

iO  hr  0  min 

20  hr  0  min 

cment 

ance 

(10) 

(90.0  min) 

(15  hrs) 

(15  hrs) 

A  contingent  experiment 

utilized  if  conditions 

warrant  it. 

i  Tracing 

60 

3  hr  30  min 

3  hrs  0  min 

3  hr  30  min 

5  hrs  0  min 

17  hr  0  min 

Average  task  load  of 

its 

18.0  min/day  for  each 

crew  memiter. 

r  targets  - 

20 

16,0  min 

2  hr  40  min 

2  hr  40  min 

5  hr  20  min 

tment'Analysis 

20 

20.0  min 

3  hr  20  min 

3  hr  20  min 

6  hr  40  min 

argets— 

10 

10.0  min 

0  hr  50  min 

0  hr  50  min 

1  hr  40  min 

sment-'Analysis 

10 

20.0  min 

1  hr  40  min 

1  hr  40  min 

3  hr  20  min 

1  Tracking 

34 

6  hr  0  min 

5  hr  15  min 

6  hr  0  min 

5  hr  15  min 

22  hrs  30  min 

Average  task  load  of 

Ipportunity 

20. 0  min  per  day  per 

crew  member. 

rial  Targets 

20 

15.0  min 

3  hr  0  min 

3  hr  0  min 

6  hr  0  min 

iment-Analysis 

8 

45.0  min 

3  hr  0  min 

3  hr  0  min 

6  hr  0  min 

argets- 

20 

15.0  min 

3  hr  0  min 

3  hrO  min 

6  hr  0  min 

intent  Analysis 

6 

45.0 

2  hr  15  min 

2  hr  15  min 

4  hr  30  min 

194 

26  min  avg 

22  hr  05  min 

20  hr  15  min 

22  hr  05  min 

20  hr  15  min 

84  hr  40  min 

1  as  integral  pa 

rtof  P-1.2 

(2)  Both  crew  members  qualified  as  P-1,  P-2,  P-3  experimenters.  (3)  Crew  memiMir  A  considered  qualifed  in 

maintenance  and  repair  of  IVSS. 
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•  To  determine  man's  capability,  having  been  trained  as  a  P-1 
exp'^rimenter,  to  characterize  the  time-varying  visual  Image 
(Verbal  descriptions  and  log  entries) 

•  To  assess  human  capability  to  detect  "change-ln-level"  of 
a  pre-assigned  target,  to  classify  and  describe  said  change, 
using  both  the  time-varying  visual  image  and  photograidiic 
analysis. 

s  To  determine  the  impact  of  man's  ability  to  acquire  and  track 
pre-assigned  reference  points  prior  to  acquisition  and  tracking 
of  the  pre-assigned  target,  and  the  effect  upon  acquisition 
and  image  velocity  determination  with  and  without  man  in  the 
loop. 

•  To  evaluate  the  capability  of  a  crew  member  trained  as  a  P-1 
experimenter  to  classify,  interpret  and  measure  photographic 
results  in  space. 

s  To  assess  human  visual  characteristics  and  traekiag  perfor¬ 
mance  as  a  function  of  exposure  to  m>ace  flight,  for  purposes 
of  "Man  Calibration"  for  the  IVSS  experiments. 

•  To  evaluate  man's  capability  to  maintain  the  1V8S  in  good 
working  order  by  alignment,  fault  isolation,  disassembly, 
and  assembly  in  space. 

s  To  validate  and  proof-test  estaUished  human  performance 
criteria  related  to  Experiment  P-1,  gathered  by  ground  sim¬ 
ulation  and  aircraft  flight  test. 

To  meet  the  objectives  of  Experiment  P-1,  a  series  of  six  Sub-Experi¬ 
ments  have  been  designed.  These  are  described  in  Tables  3-2  and 
3-3.  .  The  contribution  to  knowledge  of  human  capabilities  are  identi¬ 
fied  for  each  Sub-Experiment  in  Section  3. 2. 3.  The  major  contribution 
of  E^riment  P-1  is  to  estadish  the  capabilitieo  and  limitations  of  man 
in  the  space  environment;  participating  at  a  variety  of  levels  as  a  key 
element  of  the  IVSS. 

3.2.2  Description  of  Experiment  P-1 

As  described  in  Section  3. 2. 1,  Experiment  P-1  is  divided  into  six  snb- 
eiqwriments,  designed  and  sequenced  in  a  manner  that  will  permit  hnman 
contribution  to  be  asseseed  in  order  to  meet  the  experiment  objectives. 
Careful  consideration  has  been  given  to  number  of  replications,  ssqusn- 
cing  and  priority  of  sub-e^riments,  and  analysis  of  system  and 
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Table  3-2 

SUBEXPERIMENTS  COMPRISING  EXPERIMENT  P-1 
"ACQUISITION  AND  TRACKING  OF  PREASSIGNED  GROUND  TARGETS" 


Sub- Experiment 
Number 

Within  Experiment 
Priority 

Sub- Experiment  Title 

Man-Calibration 

Note  1 

Basic  Visual  Testing,  Perceptual  Motor 
Skills  Evaluation 

P  -  1.1 

Note  2 

Alignment  and  Calibration  of  the  Point¬ 
ing-Tracking  Telescope  and  Recording 
Camera 

P  -  1.2 

Priority  1 

Assessment  of  Accuracy  of  Man's 

Pointing  and  Man's  Contribution  to  LOS 
Angular  Rate  Determination 

P  -  1.3 

Priority  3 

Assessment  of  Man's  Capability  to  De¬ 
tect  "Changes  in  Level"  of  Ibre-Assigned 
Grout'd  Targets 

P  -  1.4 

Priority  2 

Assessment  of  Man's  Ability  to  Acquire 
and  Track  Pre-Asslgned  Targets  in 
Alternate  IVS8  Modes 

P  -  1.5 

Priority  4 

Assessment  of  Man's  Capability  to 

Classify  and  Interpret  Photographic 

Data  in  Space 

P  -  1.6 

Note  3 

Assessment  of  Man's  Capability  to 
Maintain  the  IVSS  in  Space 

Note  1  -  Visual  testing  and  tracking  evaluation  required  for  base-line  data.  To  be 
performed  on  a  fixed  schedule. 

Note  2  -  Must  be  performed  prior  to  Experiment  P-1  and  at  specified  intervals 
thereafter. 

Note  3  -  A  contingent  formal  experiment.  To  be  undertaken  if  mission  or  subsys¬ 
tem  contingencies  warrant  cancellation  of  all  or  pert  of  P-2,  P-2,  or  P-3. 
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Table  3-3 

ASSESSMENT  OF  HUMAN  CONTRIBUTION  TO  EXPERIMENT  P-1 
"ACQUISITION  AND  TRACKING  OF  GROUND  TARGETS" 


Level  of 
Incorporation 

Type  of  Contribution 

Assessment  by  Experiment 

Level  A 

On-off,  Mode  Selection 

All  P.  1, 1  through  P.  1. 6 

Monitor  sequences 

All  P.  1. 1  throu(^  P.  1. 6 

System  Power  Management 
Insert  Film,  Manual  select 

All  P.  1. 1  through  P.  1.6 

of  Filters,  etc. 

P.1.2,  P.1.3,  P.1.4,  P.1.5 

Visual  acuity-characteristics 

Man  Calibration 

Level  B 

Perceptual  motor  tracking 

P.1.1,  P.12,  P,1.3,  P.1.4 

Alignment  checking 

P.1.1 

Drift  correction,  rate  inputs 

Remove  and  Replace 

P.1.1,  P.1.2,  P.1.3,  P.1.4, 
P.1.5 

Components 

P.1.6 

Level  C 

Isolation  of  Failures,  Repair 

P.1.6 

Quality  Judgments 

Selection  of  Exposure  Time, 
Film,  Filters,  for  condi- 

P.1.2.  P.1.3,  P.1.4,  P.1.5 

tions 

Characterization  of  Time- 

P.1.2,  P.1.4,  P.1,3 

Varying  Image 

Screening,  Interpretation  of 

P.1.3,  P.1.2,  P.1.4 

Photographic  Data 

Evaluate  Experiment  Progress, 

P.1.5,  P.1.3 

Results 

P.1.2,  P.1.3.  P.1.4,  P.1.5, 
P.1.6 
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operator  contribution;  such  that  results  can  be  applied  to  the  general 
case  (be  generalizable)  with  an  acceptable  level  of  confidence. 

Experiment  P-1  and  its  respective  sub-experiments  are  described  in  this 
section  in  summary  form.  Detailed  descriptions  are  included  for  each 
sub-e:q>eriment  in  appropriate  sections  of  this  report.  The  Summary 
Experiment  Definitions  include  the  following:  (1)  sub-experiment  title, 

(2)  specific  objectives,  (3)  crew  time  requirements,  (4)  estimated 
elapsed  orbits  to  completion,  (5)  equipment  requirements,  and  (6)  evalua¬ 
tion  methodology. 

IBM  recommends  that  both  crew  members  participate  in  E;q>eriment  P-1. 
The  total  crew  time  requirements  over  a  nominal  30-day  mission  have 
been  estimated  at  45  hours,  10  minutes.  This  would  be  divided  equally 
among  the  two  crew  members  at  22  hours,  35  minutes.  The  breakdown 
of  activities  for  both  crew  member  is: 

Sighting  Analysis  Total 

Crew  Member  A  12  Hrs.  35  Min.  10  Hrs.  0  Min.  22  Hrs.  35  Min. 

Crew  Member  B  12  Hrs.  35  Min.  10  Hrs.  0  Min.  22  Hrs.  35  Min. 

ToUls  25  Hrs.  10  Min.  20  Hrs.  0  Min.  45  Hrs.  10  Min. 

3.2.3  Summary  Experiment  Definitions 

3. 2. 3. 1  Sub-E:q>erlment  -  Non- applicable 

3. 2. 3. 1. 1  Acquisition  and  Tracking  of  Pre-Assigned  Ground  Targets 

3. 2.  3. 1. 2  Specific  Objectives  -  Assessment  of  man’s  contribution  to  ac¬ 
quisition  and  tracking  of  ground  targets  compatible  with  line  of  sight 
(LOS)  angular  rate  determination  better  than  0. 1  percent. 

Assessment  of  man's  contribution  to  the  process  of  acquiring,  tracking, 
characterizing,  and  photographing  ground  targets  of  on>ortunity  under  a 
wide  variety  of  environmental  constraints. 

(For  a  detailed  definition  of  the  objectives  of  Experiment  P-1,  refer  to 
Section  3. 2. 1  of  this  report,  "Experiment  Objectived") 

3. 2.  3. 1. 3  Contribution  of  Results  -  Detailed  and  generalizable  know¬ 
ledge  will  be  gained  regarding  human  capabilities  in  this  area. 
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3. 2.  3. 1.4  Experiment  Priority  -  For  IVSS,  Priority  1. 

3. 2. 3. 1. 5  Sub-E:q?erlment  Priority  -  Non-appllcable 

3. 2. 3. 1.6  Crew  Time  Requlrementa 

Crew  Member  A  Total  time  22  hre.  35  min. 

Crew  Member  B  Total  time  22  hre.  35  min. 

Note:  Assumption  made  that  both  crew  members 
are  qualified  P-1  e}q>erlmentera. 

3. 2.  3. 1. 7  Total  Number  of  Data  Collection  Orbits  Required  -  80  to  100 

3. 2. 3. 1. 8  Total  Number  of  Elapsed  Orbits  to  Completion  of  E:q)ertment  - 
30  days 

3. 2. 3. 1.9  Evaluation  Techniques  -  Error  Measurem«its,  Performance 
Measurements  -  Note:  For  a  description  of  the  Isolation  and  measurement 
of  error  sources,  refer  to  Section  2. 0,  Volume  IV. 

System  Error  Measurements  - 

e  System  alignment  and  calibration  records,  prior  to,  during, 
and  after  completion  of  P-1  experiment 

•  System  state  variables,  at  ^elected  points  In  time 

•  Characterization  of  IMU  and  servo  errors 

•  LOS  angular  rate  over  selected  time  periods  during  sighting 

•  Discrete  operator  and  system  response 

Operator  Contribution  Measurements  - 

•  Visual  characteristics  and  tracking  performance  for  "Man- 
Callbratlon"  purposes 

•  Discrete  operator  response,  system  discrete  response  sam¬ 
pled,  stored,  transmitted  to  ground 

•  Detailed  ground  examination  of  photographic  results 

•  Examination  of  photo  records  of  alignment 

•  Verbal  reporting  and  log  entries  by  crew-e]q>erlmenters 

•  Examination  and  measurement  of  selected  photographic  data 
by  crew  member/e;q)ertmenter,  on-board 

Total  Performance  Measurements  - 

Ground  Tracking  Net  Vehicle  Ephemerlde  Data  over  time 
Photographic  Data 

Other  Measures  Characterizing  Situation  - 

On  test  sites,  characterization  of  atmosphere  at  time  of 
sighting  Is  highly  desirable. 
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3. 2. 3. 2  Sub- Experiment  P-1. 1 

3.2.3. 2.1  Alignment  and  Calibration  of  the  Recording  Camera  and  Point 
Ing  Tracking  Telescope  (PTS) 

3. 2. 3. 2. 2  Specific  Objectives  -  To  evaluate  man's  ability  to  check  and 
verify  alignment  of  the  Point-Tracking  Scope  and  Recording  Camera  In 
space. 


To  evaluate  man's  ability  to  adjust  the  PTS,  Recording  Cameras,  and 
other  subsystem  elements  mechanically  and  electrically  If  deemed  nec¬ 
essary  by  himself  or  ground  control. 


The  results  of  this  Sub-Experiment  will  provide  data  regarding  man's 
ability  to  adjust  and  calibrate  precision  photo-optical  and  servo  systems 
In  a  space  environment. 

3. 2. 3. 2. 3  E:q)erlment  Priority  -  For  IVSS  a  necessary  pre-requlslte 
for  e]q)erlmentatton. 


3. 2. 3. 2. 4  Sub-Experiment  Priority  -  Prior  to  experimentation  and  at 
48  hour  Intervals  during  Initial  10  days,  modified  schedule  thereafter. 


3. 2.3.2.  S  Crew  Time  Requirements^ 

Per  Sub  Exp.  Set  No.  of  Sets 
Crew  Member  A  15. 0  min  6 

Crew  Member  B  15. 0  min  6 

Totals  12 


Total 

1  hr  30  min 
1  hr  30  min 
3  hrs  0  min 


3.2. 3. 2.6  Total  No.  of  Data  Collection  Orbits  Required  -  Not  applicable. 

Orbit  Position  Dependent  -  No 


3. 2. 3. 2.7  Total  Elapsed  Orbits  to  Sub-E:q)ertment  Completion  -  Total 
mission  duration. 


3. 2. 3. 2. 8  Equipment  Requirements  -  Refer  to  Volume  m  for  equipment 
requirements. 

3. 2. 3. 2. 9  Evaluation  Techniques  -  System  error  measurements  and 
human  performance  measurements  - 

Error  Measurements  - 

e  Photographic  record  of  displacement  of  star  Image  In  photo¬ 
graphic  plane,  prior  to  alignment 

•  Photographic  record  of  displacement  of  star  image  in  plwto- 
graphlc  plane  after  manual  alignment  by  crew  member 

1  Both  crew  members  qualified  P-1  experimenters. 
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•  Log  entry  by  crewman/experimenter  describing  visual  image 
at  telescope  and  diffraction  pattern  and  image  in  calibrating 
microscope  at  camera  film  plane 

Refer  to  Section  2.0  of  Volume  IV  and  Volume  m  for  error  measurement 
definitions. 

3. 2.  3. 3  Sub-Experiment  P-1. 2 

3. 2.  3. 3. 1  Assessment  of  Accuracy  of  Man's  Pointing  and  Man's  Contri¬ 
bution  to  Llne-of-Stght  Angular  Rate  Determination. 

3. 2.  3. 3. 2  Specific  Objectives  -  To  determine  man's  ability  to  acquire 
and  track  terrestrial  targets  compatible  with  established  criteria. 

To  determine  man's  utility  in  selecting  ejqposure,  filter,  film  type,  etc. , 
as  a  function  of  mission  and  environmental  constraints. 

To  assess  man's  ability  to  Judge  whether  conditions  are  appropriate  for 
obtaining  photographic  data  (quality-judgements). 

To  determine  man's  capabilities  in  characterizing  experimentally  signi¬ 
ficant  aspects  of  the  time -varying  visual  image. 

To  determine  the  impact  of  classes  and  distribution  of  prior  reference 
point  sightings  upon  acquisition,  tracking,  and  image  velocity  determina¬ 
tion. 

To  validate  and  proof  test  performance  data  and  techniques  established 
by  simulation  and  flight  test. 

Results  of  this  Sub-Experiment  will  provide  data  regarding  hunoan  cap¬ 
abilities  in  acquiring  and  traddiy  terrestrial  targets. 

3. 2. 3. 3. 3  Sub-Expertnaent  Priority  -  Within  P-1,  priority  1. 

3. 2.3. 3. 4  Crew  Time  Requirements^ 


Per  Sub  Exp.  Set 

No.  of  Sets 

Total 

Crew  Member  A 

35. 0  min 

12 

7  hrs.  0  min. 

Crew  Member  B 

35. 0  min 

12 

7  hrs.  0  min. 

Total 

24 

14  hrs.  0  min. 

3. 2. 3. 3. 5  Total  No.  of  Data  Collection  Orbits  Required  -  40 

3. 2. 3. 3. 6  Total  Elapsed  Orbtts  to  Completion  -  equivalent  to  20  days. 

3. 2.  3. 3. 7  Orbit  Dependent  -  Most  Sighting  Cases  -  Yes 


^  Assumption  that  both  crew  members  are  qualified  P-l,  experimenters. 
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3. 2.  3. 3. 8  Equipment  Requirements  -  Refer  to  Volume  ni  for  detailed 
deBcrlptions  of  the  equipment  required  for  P-1. 

3. 2. 3. 3. 9  Evaluation  Technlquee  -  Error  and  human  performance  meas¬ 
urements.  Note:  For  a  detailed  description  refer  to  Section  2. 0, 

Volume  IV. 

System  Error  Measurements  - 

•  System  alignment  -  calibration  data;  prior  to,  during,  and 
after  completion  of  Sub-E}q>eriment. 

s  System  state  variables  at  Intervals  during  sighting  periods. 

•  Characterization  of  IMU  and  servo  errors. 

s  LOS  Angular  Rates  over  time  of  acquisition  and  tracking. 

•  Discrete  operator  control  and  system  response. 

Operator  Contribution  Measurements  - 

•  Visual  and  performance  in  tracking  for  "man-calibration". 

•  Discrete  operator  response,  discrete  system  response  over 
time. 

s  Detailed  ground  examination  of  recording  camera  photographic 
results  over  time. 

s  Examination  of  photo  -  other  records  of  alignment. 

•  Verbal  reports,  log  entries  by  crewman/experimenter. 

•  On-board  examination- measurement  of  photographic  data  by 
crewman/experimenter. 

Total  Performance  Measurements  - 

Ground  Tracking  Net  -  Vehicle  Ephemeride  over  time 

Photographic  Results 

Other  Measures  Characterizing  Situation  - 

On  specified  test  sites,  at  specified  times,  characterization  of  atmosphere 
by  use  of  specially-equipped  aircraft. 

3.  2.  3.4  Sub-Experiment  P-1.3 

3.  2.  3.4.1  Assessment  of  Man’s  Ciqiabtlity  To  Detect  "Changes  in  Level" 
of  Pre-Asstgned  Ground  Targets,  Utilizing  The  IVSS. 

3. 2. 3. 4. 2  Specific  Objectives  -  To  evaluate  human  ciqiability  to  detect 
"changes  in  level"  or  activity  of  a  pre -assigned  ground  target,  to  clas¬ 
sify  change,  working  with  the  time -varying  visual  image  and  selected 
photographic  data. 
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To  asseas  the  Impact  of  operator  task  loading,  by  change  detection  re¬ 
quirements,  upon  acquisition  and  tracking  for  line-of-slght  angular  rate 
determination. 

Sub-E]q>erlment  results  will  contribute  to  body  of  knowledge  regarding 
man's  ability  to  Interpret  visual  and  photographic  data,  and  to  extract 
significant  information  or  changes.  The  feasibility  and  utility  of  con¬ 
ducting  this  function  from  space  will  be  assessed. 

3. 2.  3.4. 3  Experiment  Priority  -  IVSS  -  Priority  1  assigned  to  P-1. 

3. 2.  3. 4. 4  Sub-Experiment  Priority  -  Priority  2. 

3. 2. 3. 4. 5  Crew  Time  Requirements  - 

Per  Esq).  Set  No.  of  Sets  Total 

Crew  Member  A  (To  be  conducted  with  specified  ground  targets 
Crew  Member  B  during  P-1. 2;  no  time  penalty  associated  with  P-1. 3) 

3. 2. 3. 4. 8  Total  No.  of  Data  Collection  Orbits  Required  -  20 

3. 2.  3. 4. 7  Total  Elapsed  Orbits  To  Completion  -  EstimsUed  20  days 

3. 2. 3. 4. 8  Evaluation  Techniques  -  Error  and  human  performance 
measuremerns. 

System  Error  Measurement  -  (Refer  to  Section  2.1.1) 

e  Alignment  errors,  data  on  alignment  corrections, 
e  Characterization  of  servo  errors,  IMU  errors, 
e  System  state  variaUes,  computation  limitations, 
e  LOS  angular  rate  over  time. 

e  Discrete  operator  response  and  discrete  system  response 
tagged  with  time. 

Operator  Contribution  Measurement 

e  Man  calibration,  visual  testing  and  tracking  performance  by 
Visual  Evaluation  Tracker  (VET), 
e  Discrete  operator  response,  switch  and  mode  selection  sam¬ 
pled  to  0. 01  second  accuracy  in  time, 
e  Detailed  examination  of  Recording  Camera  photographic  data, 
e  Verbal  and  written  entries  by  crewman/experimenter, 
e  Examination  of  photographic  data  on  a  sanq>led  basis  by  ex¬ 
perimenter  on-board  the  spacecraft. 

Other  Total  Performance  Measures 

e  Ground  Tracking  Net  data  on  vehicle  ephemeris. 

I^clal  Test  or  Measurement  Requirements 

e  Characterization  of  atmosphere  at  time  of  P-1. 3  Sub- 
Experiment  a  necessity. 

•  Control  of  "ground  truth"  a  necessity  for  this  sub-experiment. 
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3. 2. 3. 5  Sub-Experiment  P-1. 4 

3. 2.3.  S.  1  Determination  of  Man's  Ability  to  Acquire  and  Track  Pre- 
Aaalgned  Ground  Targets  In  Alternate  IVS8  Modea,  For  Purposes  of 
Angular  Rate  Determination 

3. 2.  3. 5. 2  Specific  Oblectlves  -  To  assess  man's  capability  to  acquire 
and  track  pre-asslgned  ground  targets  without  system  crosshair-laying 
assistance. 

To  assess  man's  ability  to  point  and  to  track  ground  targets  with  a  mini¬ 
mum  of  system  aiding,  for  purposes  of  LOS  angular  rate  determination. 

To  assess  man's  ability  to  characterize  the  time-varying  visual  Image 
and  to  evaluate  photographic  data  under  these  conditions. 

This  sub-e]q>erlment  will  contribute  to  knowledge  of  man's  unique  ability 
to  assume  system  functions  in  alternate  modes  and  will  provide  data  on 
the  c^aUlities  of  man  in  space  with  minimal  system  aiding. 

3. 2. 3. 5. 3  Experiment  Priority  -  IVSS,  Priority  1  for  P-1. 

3. 2.  3. 5.4  Sub-Experiment  Priority  -  within  P-1  Priority  3. 

3.2. 3.5.  5  Crew  Time  Requirements 

Per  Exp.  Set  No.  of  Sets  Total  Time 

Crew  Member  A  35. 0  min  7  4  hrs.  05  min. 

Crew  Member  B  35. 0  min  _7_  4  hrs.  05  min. 

Totals  14  8  hrs.  10  min. 

3. 2.  3. 5.6  Total  No.  of  Data  Collection  Orbits  Required  -  20 

3. 2. 3. 5. 7  Total  Elapsed  Orbits  to  Completion  -  320  (20  days) 

3. 2.  3. 5. 8  Evaluation  Techniques 
System  Error  Measurements  - 

(Identical  to  those  measured  in  P-1. 2) 

Operator  Contribution  Measurements 

(Same  as  those  measured  in  P-1. 2) 

Total  Performance  Measures 
(Same  as  P-1. 2) 

Other  Measures 

t  On  specified  test  sites,  at  specified  times,  characterization  of 
atmosphere  by  special  aircraft  recommended. 
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3. 2.3. 6  Sub-Eiqperlment  P-1. 5  f 

3. 2. 3. 6. 1  Atmement  ot  Human  Capability  to  Claaslly,  Characterize,  , 


Secret 


•  Information  content  and  "quality"  of  photograph  are  noted 
and  logged  or  described  on  t^. 

•  Size  and  length  of  objects  is  determined. 

Ground  Measurement 

•  Photographs  are  examined  by  e}q>ert  experimenters  and 
photo-interpreters. 

e  Crewman/experimenter  performance  is  compared  with  re¬ 
sults  obtained  by  ground  photographic  analysis  as  well  as 
data  obtained  by  telemetry  and  tracking.  Utility  of  man  in 
the  IVSS  is  determined  by  comparison  of  automatic  and  manual 
results. 

Sub-Experiment  P-1. 5  will  use  photographic  data  obtained  by  Sub-E3q>eri- 
ments  P-1.2.  P-1.3,  and  P-1. 4.  No  additional  acquisition  and  tracking 
of  pre-asslgned  ground  targets  will  be  required  to  obtain  data  for  P-1.5. 
The  time  requirements  imposed  upon  the  crew  will  be  used  for  a  photo¬ 
graphic  data  analysis  and  measurement  of  selected  photos,  using  the 
timage  analysis  devices  described  in  Section  5.  3.  3. 

3. 2.  3. 7  Sub-Experiment  P-1.  6 

3. 2.3. 7.1  Assessment  of  Man's  Capability  to  Maintain  the  IVSS  in  Good 
Working  Order  During  Extended  Space  Operations  (A  mission  or  system 
state  contingent  e;q>eriment) 

3. 2. 3. 7. 2  Specific  Objectives  -  To  evaluate  man's  capability  to  monitor 
the  working  condition  of  the  IVSS. 

To  assess  man's  ability  to  select  alternate  modes  of  IVSS  operation 
when  dictated  by  failures. 

To  assess  man's  capability  to  isolate  malfunctions  to  the  appropriate 
level. 

To  assess  human  capability  to  remove,  replace  and  qualify  subassemblies 
or  components  of  the  IVSS  in  space. 

To  evaluate  man's  capability  to  describe  system  operation  in  engineering 
terminology  and  to  recommend  changes  in  design  or  function,  if  ^pro- 
prlate. 

This  sub-experiment  will  provide  data  on  man's  ability  to  use  his  intel¬ 
lect  and  perceptual  motor  skills  to  isolate  and  repair  IVSS  malfunctions 
in  space.  Human  contribution  as  an  engineering  or  technical  evaluator 
of  system  performance  or  function  will  be  assessed. 

3. 2. 3. 7. 3  Experiment  Priority  -  non  applicable. 
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3. 2. 3. 7.4  Sub-Faqperlment  Priority  -  A  contingent  e^qwrtment,  to  be 
conducted  after  completion  of  P-1,  P-2,  and  F-3,  or  if  IVSS  condition 
warrants  formal  maintenance  experiments  in  lieu  of  those  scheduled. 

3. 2. 3. 7.5  Crew  Time  Requirements  - 

Per  Exp.  Set  No.  of  Sets  Total 

Crew  Member  Variable  (1  to  4  hrs)  10  Approx.  15  hrs. 

Crew  Member  B  None 

3.2.4  Teat  and  Evaluation  Procedures 

This  section  describes  the  approach  to  the  P-1  E}qperiment,  including 
the  design,  number  of  replications,  and  error  analyses.  An  esqperiment 
of  the  nature  of  P-1,  the  assessment  of  human  contribution  to  effective 
use  of  photo-optical  subsystems  in  space,  will  be  subject  to  many  envi¬ 
ronmental  and  mission  constraints,  as  well  as  real-time  contingencies. 
These  considerations  suggest  a  dynamic  eiqperiment  planning  and  sched¬ 
uling  iqpproach  for  the  experiments: 

s  P-1  Acquisition  and  Tracking  of  Pre-Assigned  Ground  Targets 

•  P-2  Acquisition  and  Tracking  of  Space  Targets 

e  P-3  Acquisition  and  Tracking  of  Targets  of  Opportunity  on 

Land  and  on  the  Ocean. 

3. 2. 4. 1  Dynamic  Scheduling 

E^qperiment  scheduling  and  planning  by  means  of  a  computerized  approach 
has  appeared  as  the  most  likely  solution  to  efficient  handling  of  a  broad 
spectrum  of  constraints  and  requirements  imposed  upon  the  vehicle, 
subsystems,  and  crew.  For  Experiments  P-1,  P-2,  and  P-3,  IBM  rec¬ 
ommended  that  the  e;q?eriment  scheduling  approach  be  extended  to  include 
quick-response  experiment  scheduling  and  decision-making  to  ensure  an 
acceptable  level  of  experiment  efficiency.  Experiments  of  the  visual  and 
photo-optical  class  are  highly  constrained  by  orbit  and  target  positions, 
as  well  as  by  weather  and  environment,  to  mention  a  few.  The  dynamic 
scheduling  approach  appears  attractive  when  P-1,  P-2,  and  P-3  are 
scheduled  in  a  mamter  which  will  permit  rapid  change  to  meet  contingen¬ 
cies.  Scheduling  of  IVSS  esq^eriments  by  means  of  an  IBM-developed 
EXOnC-n,  with  special  emphasis  iq>on  development  of  subroutines  for 
target  availability,  weather-environment,  and  crew  work-rest  cycles,  is 
being  considered  both  as  an  aid  to  the  IVSS  Phase  I  study  and  as  a  »»«»«»«■ 
for  exercising  the  program  with  valid  data. 


^  Crew  member  A  considered  qualified  in  maintenance  of  IVSS. 
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Maintenance  considerations  lor  the  IVSS  have  followed  the  reasoning  that 
no  maintenance  experiments  will  be  attempted  which  will  jeopardize  com¬ 
pletion  of  the  scheduled  formal  e3q;>erimentation  P-1,  P-2,  and  P-3. 
Alignment  and  calibration  of  the  IVSS  is  considered  essential,  however, 
and  Sub-Experiment  P-1. 1  describes  the  requirements  for  this  function. 
To  assess  human  contribution  beyond  alignment  and  calibration,  and  to 
ensure  human  capabilities  experimentation  with  the  IVSS  in  the  event 
failures  occur  which  will  not  permit  the  completion  of  the  main  line  of 
endeavor,  a  series  of  contingent  formal  maintenance  experiments  are 
proposed. 

It  must  be  emphasized  that  the  contingent  formal  maintenance  experiments 
go  beyond  the  maintenance  normally  expected  during  a  nominal  30-day 
mission.  If  failures  of  the  IVSS  occur,  maximum  ground  assistance  will 
be  provided  to  the  crew  to  effect  rapid  repair  with  minimal  impact  iqpon 
the  formal  experiments.  However,  if  failures  occur,  which  by  their 
nature  or  by  some  combination  of  events,  dictate  that  Formal  Experi¬ 
ments  P-1,  P-2,  and  P-3  be  severly  curtailed  or  abandoned,  the  contin¬ 
gent  maintenance  experiment  plan  would  be  executed.  This  experiment  is 
listed  as  P-1. 1,  titled  "Assessment  of  Man's  Capability  to  Maintain  the 
IVSS  in  Space. " 

3. 2. 4. 2  Total  Number  of  Tests  to  be  Performed 

A  series  of  five  Sub-Experiments  comprise  Experiment  P-1,  as  described 
in  Section  3. 2. 3.  One  additional  Sub-Experiment  is  described  as  a  con¬ 
tingent  experiment.  The  total  number  of  test  will  not  include  data  from 
this  experiment,  but  rather  P-1.6  will  be  reported  separately.  Experi¬ 
ment  P-1  consists  of  five  sub-experiments  consisting  of  80  tests  or  sets 
of  tests.  A  test  is  considered  an  entity  in  time  where  crew  member/ 
experimenter  A  or  B  is  occupied  with  meeting  a  functional  requirement 
with  a  ground  target  or  targets;  the  total  time  not  to  exceed  20  minutes. 

3. 2. 4. 3  Experimental  Parameters  to  be  Varied  During  Tests 
Eiqierimental  parameters  in  Experiment  P-1  consist  of  at  least  four 
major  classes,  namely  environmental,  such  as  weather,  lighting,  season, 
orbital  characteristics,  target  or  reference  point  parameters,  and  sys¬ 
tem  mode  or  ciqiabilities  parameters.  An  adequate  assessment  of  human 
capabilities  requires  that  these  parameters  be  identified,  be  assessed 
regarding  their  controllability  or  lack  of  controllability,  and  decisions 
made  regarding  the  degree  of  controlled  variability  desired.  On  the 
other  hand,  parameters  of  significant  interest  or  impact  upon  human 
capabilities  assessment  of  an  uncontrollable  nature,  must  be  handled  by 
an  experiment  design  and  replication  technique  to  permit  estimation  of 
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their  contribution  to  variability  of  results  or  namely,  their  Impact  upon 
man's  capability  to  function  with  the  IVSS  in  space. 

Parameters  to  be  varied  or  parameters  which  the  variability  of  must  be 
assessed  with  respect  upon  human  capabilities  are  as  follows; 

•  Environmental  Parameters  -  These  parameters  are  assessed 
by  using  an  adequate  number  of  samples  and  by  scheduling 
sub-experiment  testing  at  :q>propriate  times  during  the  mis¬ 
sion.  Specific  environmental  parameters  of  interest  are: 

(a)  Weather  -  Clear,  10  to  60  percent  clouds,  60  to  90 
percent  clouds,  90  to  100  percent  clouds. 

(b)  Lighting  -  Incident  angle  of  sun  or  moonlight 

(c)  Time  of  Day  -  Day-night,  dawn,  dusk 

(d)  Atmospheric  characteristics  (nominal)  -  temperature, 
pressure,  humidity. 

(e)  Atmospheric  characteristics  (special)  -  Aerosol  con¬ 
tent,  etc.  ^ 

•  Target  or  Reference  Point  Characteristics  -  Target  param¬ 
eters  and  reference  points  of  at  least  five  general  categories 
will  be  used.  Each  category  will  of  course  consist  of  targets 
or  reference  points  of  considerable  variability  within  target 
class.  With  the  exception  of  the  test  targets  and  the  targets 
used  for  Sub-E^riment  P-1. 3,  targets  will  be  selected  and 
within  target  variability  handled  by  an  adequate  sample  of 
target  types  and  sighting  replications.  Target  types  are: 

(a)  Test  Patterns 

(b)  Cultural  Targets  -  Nonmilitary 

(c)  Military  Complex,  large 

(d)  Military  Complex,  small 

(e)  Geographic  -  (significant  or  unique) 

•  System  Parameters  to  be  Varied  -  System  parameters  will 
be  varied  in  a  systematic  manner  to  ensure  that  human  con¬ 
tribution  can  be  assessed  at  several  meaningful  levels  of  man- 
machine  Interaction,  from  minimal  o;'  no  aiding  to  more  com¬ 
plex  types  of  aiding.  The  I^/SS  is  considered  an  experimental 
device,  designed  expressly  to  evaluate  human  performance  at 
several  levels,  while  accurately  characterizing  not  only  hu¬ 
man  error  but  system  errors  as  well.  A  consideration  of 
analyses  and  measurement  of  error  is  Included  elsewhere  in 

^  Use  of  special  aircraft  to  characterize  atmosphere. 
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this  report.  At  this  writing,  the  mode  of  system  operation 
has  been  considered  important  enough  to  have  the  acquisition 
and  pointing  Sub- Experiment  P-1. 2,  replicated  in  P-1. 4  but 
in  alternate  modes  of  operation;  essentially  under  conditions 
of  maximum  operator  participation. 

System  parameters  or  modes  ar 

(a)  Primary  Mode  -  Automatic  cross  hair  laying,  iterative 
loop,  ephemeris  update  a  growth  capability. 

(b)  Alternate  Mode  1  -  System  tracking  with  digital  loop. 

No  ephemeris  update,  operator  required  to  contribute 
rate  information. 

(c)  Alternate  Mode  2  -  Tracking  aiding,  human  contributes 
position  and  rate  information,  no  iterative  loop  in  track¬ 
ing  and  pointing  of  PTS;  analog  mode. 

Superimposed  upon  the  three  basic  operating  modes  of  the 
IVSS  are:  (1)  levels  and  quality  of  briefing  information,  (2) 
prior  photogr^hic  records,  and  (3)  verbal  characterization 
of  target  characteristics,  etc.  These  will  be  handled  by  an 
adequate  sample  under  representative  conditions. 

s  Orbital  Parameters  -  Interest  has  been  expressed  in  evalu¬ 
ating  human  contribution  to  acquisition  and  tracking  of  pre¬ 
assigned  ground  targets  under  conditions  of  100  to  300  n  mi 
with  various  eccentricities  and  orbital  inclinations.  The  ef¬ 
fect  of  these  orbital  characteristics  upon  human  capaUlities 
might  very  well  be  a  significant  one.  However,  for  purposes 
of  defining  Experiment  P-l,  the  experimenter  has  worked 
with  a  nominal  circular  orbit  of  160  n  mi  with  an  inclination 
of  30  to  38  degrees.  Availability  of  landmarks  and  targets 
were  assessed  with  these  characteristics,  and  a  demonstra¬ 
tion  of  dynamic  scheduling  would  use  a  subroutine  of  this 
nature  for  fix  point  availability.  A  replication  of  the  com¬ 
plete  experiment  may  be  called  for  to  assess  the  impact  upon 
man's  capabilities  that  imposed  by  orbital  characteristics. 

3.  2. 4. 4  Preferred  Order  of  Testing 

The  Sub- Experiments  of  P-l  are  listed  in  Table  3-2;  within  experiment 
priorities  have  been  established.  The  preferred  order  of  testing  or  mod¬ 
ification  of  parameters  of  interest  are  handled  by  the  priorities  and 
scheduling  of  the  sub-e3q>eriments  themselves.  The  experimental  sched¬ 
uling  will  consist  of  Experiments  P-l,  P-2,  and  P-3  interleaved  in  time; 
and  modified  by  contingencies  and  possible  changes  in  enq>hasls.  However, 


47 

Secret 


Sacrit 


a  preferred  order  of  testing  is  implied  by  the  experiment  and  sub-experi¬ 
ment  priority  listings  in  Table  3-2.  The  exact  ordering  and  scheduling 
of  experiments  on  a  daily  basis  will  be  accomplished  at  a  later  date. 

3.2.5  Target  Types  And  Description 

Acquisition  and  tracking  of  pre-assigned  targets  will  utilize  known  cul¬ 
tural,  geographic  features,  and  military  complexes  mostly  within  the 
Zone  of  Interior,  but  including  locations  in  Australia,  Hawaii,  and  Puerto 
Rico.  Analyses  of  targets  has  been  limited  to  date  to  targets  within  the 
area  from  Hawaii  to  Puerto  Rico.  Target  types  will  include  the  following: 

a  Test  Patterns  -  At  least  three  test  patterns  will  be  required; 
their  locations  a  function  of  the  particular  orbit  chosen.  Pre¬ 
liminary  analyses  indicate  that  test  patterns  be  located  in 
Australia,  the  western  United  States  (preferably  an  arid  re¬ 
gion),  and  in  Puerto  Rico  or  eastern  United  States. 

•  Military  Complexes  -  Fifty-five  military  complexes,  ranging 
from  airfields  to  army  installations,  have  been  assessed 

with  regard  to  availability,  time  of  exposure  to  optical  sighting, 
etc.  These  anaylses  have  nermitted  estimates  to  be  made  of 
elapsed  orbits  to  completion  of  experiment  P-1.  The  com¬ 
puter  program  developed  for  the  target  site  analysis  has  been 
modified  as  a  subroutine  for  EXOTIC  H,  an  experiment 
scheduling  tool;  to  cope  with  orbit  and  target  position  con¬ 
straints 

•  Cultural  Targets  •  Significant  cultural  features  such  as  inter¬ 
sections  of  long  straight  lines  (interstate  highways),  cities, 
and  bridges  will  be  used  as  known  reference  points,  particu¬ 
larly  in  Earth  areas  where  military  complexes  are  scarce  or 
non-existent.  The  selection,  characterization,  and  coordi¬ 
nates  of  the  cultural  and  geographic  reference  points  has  yet 
to  be  accomplished. 

3.  2.  6  Target  Locations 

The  Landmark  Assessment  Study  printouts  will  be  submitted  under  sep¬ 
arate  cover.  The  study  report  will  describe  the  condidate  target  loca¬ 
tions  by  coordinates,  as  well  as  characterize  their  availability  for  sight¬ 
ing  and  LOS  range  as  a  function  of  time  and  orbital  path.  Several  graphic 
illustrations  will  describe  likely  orbits  and  location  of  reference  points 
and  targets  plotted  upon  a  Mercator  Projection;  and  are  included  in  Vol¬ 
ume  HI. 
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3. 2. 7  Test  Procedures 

In  E^riment  P-1,  "Acquisition  and  Tracking  of  Pre- assigned  Ground 
Targets, "  the  events  on-board  the  spacecraft  will  follow  a  schedule 
roughly  In  order  of  the  priority  of  experiments.  Sub-Experiment  P-1.1 
will  be  initiated  first,  and  repeated  at  48-hour  intervals  for  the  first  10 
days;  with  a  modified  schedule  thereafter.  Sub-Experlments  P-1. 2, 

P-1.  3,  and  P-1. 4  will  occur  in  parallel,  with  type  of  sighting  and  systems 
mode,  and  "change  detection"  experiment  sets  sequenced  on  the  basis  of 
orbit  position  constraints  and  environnient,  particularly  weather.  Sub- 
Experiment  P-1. 5,  a  non-orbit  position  dependent  case,  will  be  sched¬ 
uled  during  periods  when  sighting  data  is  not  being  obtained.  Table  3-4 
illustrates  a  very  preliminary  scheduling  of  sub-experiments;  the  specific 
details  of  which  will  depend  upon  orbital  characteristics  and  choice  of 
ground  target  locations. 

3.2.8  Evaluation  Procedure 

The  evaluation  criteria  established  for  Experiment  P-1  range  from  meas¬ 
urement  of  photographic  data  on  records  returned  to  Earth  to  analysis  of 
system  state  variables  telemetered  to  ground.  The  evaluation  data, 
criteria  if  established,  and  application  to  Experiment  P-1  and  the  sub¬ 
experiments,  is  described  in  Table  3-5.  In  Section  3.  2. 3,  Summary 
Experiment  Definitions,  operator  and  system  evaluation  requirements 
are  summarized.  Volume  ni  contains  descriptions  of  optical  resolution 
requlrments  and  allowable  photo  measurement  errors.  Section  2. 1. 1  of 
Volume  IV  describes  system  and  operator  error  budgets. 

3.2.9  Maiming  Data  (Spacecraft  Flight  Crew  Members) 

3. 2. 9. 1  Task  Descriptions 

Descriptions  of  the  tasks  required  of  the  flight  crew  are  included  in  Sec¬ 
tion  4. 0.  Graphic  analyses  of  the  tasks  are  included  with  particular 
emphasis  upon  identification  of  crew  decision  points.  The  alignment  and 
calibration  of  the  PTS  and  recording  camera  are  discussed  in  detail.  A 
graphic  task  analysis  of  these  requirements  are  included  in  that  section; 
and  will  not  be  repeated  here. 

Experiment  P-1  does  not  require  the  attention  of  more  than  one  crew 
member  at  any  given  time.  However,  the  nature  of  the  experiment  re¬ 
quires  that  the  flight  crew  be  trained  as  P-1  experimenters  to  ensure  a 
high  probability  of  experiment  success.  It  has  been  assumed  that  both 
members  of  the  flight  crew  are  qualified  P-1  experimenters;  and  that  both 
will  participate  in  equal  degrees  in  the  experiment.  Experiment  time  re¬ 
quirements  are  therefore  divided  equally.  If  one  crew  member  partici¬ 
pates  in  P-1,  the  crew  time  requirements  would  double  for  him. 
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Table  3-4 

SCHEDULING  OF  P-1  EXPERIMENTS 


Days  In  Orbit 


1  3  5  7  9  11  13  15  17  19  21  23  25  27  2!)  .11 


P-1.1  ''Alignment  and  Calibration  of  the  PTS  and  Recording  Camera" 
Conduct 

^  on  48-hr.  ^  j  ^  Modify  schedule  based  on  data 

schedule  I 


P-1.2  "Accuracy  of  Man's  Pointing  and  Contribution  to  LOS  Angular 
Rate  Determination" 

[  _  Tw  enty -four  sighting  sets  based  on  ^  |  Estimated 
I  availability  of  targets  and  environ-  I  completion 
mental  conditions 

P-1,3  "Assessment  of  Man's  Capability  to  Perform  'Change  Detection'  " 


Conduct  10  sets  of  "change  detec¬ 
tion"  sighting  over  20-day  period 


Estimated 

completion 


P-1.4  "Assessment  of  Man's  Ability  to  Acquire  and  Track  Targets  in 
Alternate  Modes" 


Conduct  14  sets  of  sightings  based  on 
availability  of  targets  and  euviromu  .nt 


P-1.5  "Assessment  of  Man's  Capability  to  Classify  and  Interpret  Photo¬ 
graphic  Data  In  Space" 


Thirty  sessions  of  measuring,  classifying  and  Integrating 
photographic  results 


P-1.6  "Assessment  of  Man's  Capability  to  Maintain  the  IVSS  In  Space" 

Note;  A  contingent  experiment  to  be  initiated  if  contingencies 
force  cancellation  of  formal  experiments 
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Table  3-5.  Evaluation  Technii|ues  and  Criteria  -  Operator  Contribution 
Experiment  P-l  -  "Acquisition  and  Tracking  of  Ground  Targets"  (cont) 
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Can  the  effects  (rf  environment.  Performance  criteria  as  Ground  correlation  of  abnospher'c  Boundaries  of  human  Sampling  of  atmosphere 

particularly  weather  be  charac-  a  function  of  atmospheric  conditions,  other  factors,  with  performance  for  pre-  by  aircraft  a  requirement, 

terizeu  with  respect  to  Impact  and  lighting  constraints.  performance.  dictive  purposes.  Test  pattern  desirable. 
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Detailed  task  descriptions  of  P-1  Test  Operations  are  submitted  in  graphic 
task  analysis  format.  Sub-experiments  P-1. 2  and  P-1. 4  have  identical 
task  requirements,  with  the  system  in  different  modes  of  operation. 

These  tasks  are  described  in  detail  in  Section  4.0. 

3. 2. 9. 2  Work  Positions  Relative  to  P-1  Experiment  Tasks 

The  IVSS  work  station  is  presently  configured  as  a  one-man  work  station. 
However,  tne  requirement  for  the  P-1,  P-2,  and  P-3  Experiments  to  use 
the  data  management  interface  (computer  insert  and  display  for  example) 
indicates  that  a  two-position  work  station  be  designed  to  permit  common 
sharing  of  the  experiment  management  and  data  management  control  and 
display  interface.  One  operator  is  required  at  the  IVSS  work  station 
during  the  conduct  of  P-1  experiment.  It  is  recommended  tnat  both  crew 
members  be  qualified  P-1  experimenters,  sharing  the  work  load  for  for¬ 
mal  experimentation,  including  alignment  and  calibration.  In  sub-exper- 
ment  P-1. 6,  however,  one  of  the  crew  members  will  be  qualified  to 
maintain  tne  IVSS,  identified  at  this  time  as  crew  memoer  A. 

3. 2. 9. 3  Basic  Skill  Requirements 

The  fundamental  skills  required  of  the  crew  to  conduct  and  evaluate  tne 
progress  and  results  of  Experiment  P-1  may  be  termed  experimenter 
skills.  The  attitudes,  training  and  motivation  of  the  crew  must  be  de¬ 
veloped  to  a  level  beyond  that  normally  expected  of  a  subject,  that  equiv¬ 
alent  of  an  assistant  experimenter.  This  is  particularly  true  in  the  case 
of  characterizing  the  time-varying  visual  image,  measuring  and  reporting 
of  sampled  data  and  commenting  on  the  progress  of  the  experiment  and 
operational  characteristics  of  the  IVSS  in  space. 

3. 2. 9. 3. 1  Alignment  and  Calibration  Skills  -  Alignment  and  calibration 
of  tne  pointing-tracking  scope  and  recording  camera  requires  a  basic 
understanding  of  the  functional  characteristics  of  the  IVSS,  with  particular 
emphasis  upon  the  design  and  function  of  the  pointing-tracking  scope  op¬ 
tics  and  recording  camera.  A  complete  understanding  of  the  purpose  of 
the  alignment  and  calibration  and  a  high  proficiency  level  in  conduct  of  the 
task  is  mandatory.  This  task  must  be  performed  quickly  and  accurately 
prior  to  initialization  of  the  formal  aspects  of  Experiment  P-1,  and  at 
specified  intervals  thereafter.  The  consequences  of  misalignment  and 
the  impact  upon  crew  time  of  this  repetitive  task  demand  efficiency  and 
understanding  on  the  part  of  the  crew.  It  is  recommended  that  both  crew 
members  be  proficient  in  this  task,  but  that  the  task  be  accomplished  by 
crew  member  A  for  the  initial  10  days  of  the  experiment  and  crew  mem¬ 
ber  B  for  the  next  10  days. 
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3.  2. 9.  3. 2  Operations  Skills  -  The  skill  requirements  tor  operations  may 
be  described  as  those  equivalent  to  an  assistant  P-1  Experimenter.  The 
crew  members  must  be  highly  moti''ated,  possessed  of  excellent  visual 
and  perceptual-motor  skills,  and  capable  of  commenting  on  the  progress 
of  the  P-1  experiment  and  the  operational  characteristics  of  the  IVSS. 
Specific  skill  requirements  by  category  are: 

•  Visual  and  perceptual  skills,  experience  with  target  recog¬ 
nition  and  tracking. 

•  Development  experience  and  participation  in  IVSS  develop¬ 
ment  flight  test,  if  any. 

•  Capable  of  reporting  operational  characteristics  and  perfor¬ 
mance  of  IVSS  in  engineering  terminology. 

•  Capable  of  reporting  progress  of  e>q>eriment,  making  judg¬ 
ments  regarding  future  course  of  experiment,  if  necessary. 

•  Skilled  in  characterizing  and  describing  the  visual  aspects  of 
the  time-varying  PTS  image. 

•  Skilled  in  detecting  "change  in  level"  of  specified  ground 
targets. 

•  Moderate  photo  interpretive  skills,  capable  of  measuring 
cross  hair  placement  on  photographic  data  and  determining 
accuracy  of  placement  as  well  as  LOS  angular  rates  over 
specific  time  interval. 

•  Skilled  operator  of  IVSS,  data  management  interface,  com¬ 
munications  subsystem  and  telemetry. 

3. 2. 9.  3.  3  Maintenance  Skills  •  In  the  area  of  maintenance,  two  levels  of 
maintenance  operations  are  possible;  (1)  the  conduct  of  those  activities, 
in  addition  to  alignment  and  calibration,  that  are  necessary  to  keep  the 
IVSS  in  good  working  order,  and  (2)  the  conduct  of  formal  maintenance 
experiments  (P-1. 6).  conducted  on  a  contingent  basis  if  IVSS  status,  en¬ 
vironmental  or  mission  constraints  warrant  it. 

The  skills  required  for  both  imply  a  complete  understanding  of  the  IVSS 
at  a  functional  and  detailed  flow  level,  as  well  as  experience  and  training 
in  failure  Isolation  and  disassembly  and  assembly  of  components. 

A  major  difference  in  isolation  and  repair  of  operational  failures  and  for¬ 
mal  maintenance  experimentation  is  the  level  of  maintenance  and  the  de¬ 
gree  of  ground  assistance.  In  the  operational  case,  all  available  assist¬ 
ance  would  be  provided  to  the  crew  in  isolation  and  repair  of  failures, 
with  the  explicit  goal  of  re-instating  the  system  to  an  operational  as  soon 
as  possible.  In  the  formal  maintenance  experiment,  detailed  disassembly 
and  repair,  as  well  as  fault  Isolation  and  alternate  methods  of  calibration 
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and  alignment  would  be  undertaken  with  the  express  goal  of  validating 
human  capablilty  In  maintenance  of  photo-optical  subsystems  in  space. 

3. 2. 9.  3.4  Data  Analysis  Skill  Requirements  -  The  data  analysis  skill 
requirements  Imposed  upon  the  crew  may  be  described  in  several  levels 
of  ascending  difficulty  and  experience  with  respect  to  their  acquisition. 
These  skills  may  be  grouped  into  four  general  categories  as  follows: 

•  Operation  of  data  management  and  photographic  measurement 
apparatus 

•  Measurement  of  photographic  data  in  space 

•  Interpretation  of  measurement  data,  both  electronically 
gathered  data  and  photographic  results 

•  Characterization  or  detailed  description  of  behavior  of  the 
subsystem,  and  reporting  of  progress  of  experiment  in  terms 
meaningful  to  the  ground  experimenters. 

The  skill  requirements  implied  by  the  necessity  that  the  crew  be  qualified 
experimenters  are  the  most  crucial  to  the  success  of  the  experiment.  It 
is  desirable  that  photographic  data  be  analyzed  for  content  and  quality  and 
that  pointing  accuracy  and  LOS  angular  rate  be  measured  by  photographic 
means.  In  addition,  the  ability  to  describe  the  visual  image  in  meaningful 
terms  and  to  judge  the  progress  of  the  experiment  are  requirements  that 
go  beyond  those  normally  found  in  or  expected  of  a  typical  flight  test  crew. 
A  preliminary  listing  of  the  data  analysis  skills  are  as  follows: 

•  Operation  of  the  data  management  interface,  including  com¬ 
puter  modes,  insert  and  display  interface,  and  tape  storage 
controls 

•  Operation  of  the  photographic  film  viewer  and  photo  measur¬ 
ing  device 

•  Capable  of  reporting  characteristics  of  visual  image  in 
meaningful  terms 

•  Skilled  in  commenting  on  performance  of  subsystem  in  engi¬ 
neering  terms 

s  Skilled  e3q>erimenters  to  judge  progress  of  experiment  from 
sampled  data. 

3. 2. 9. 4  Training  Requirements 

The  skill  requirements  identified  for  Experiments  P-1,  P-2,  and  P-3 
will  be  refined  and  translated  into  crew  training  requirements.  It  is 
desirable  that  the  crew  participate  in  the  experimentation  and  simulation 
studies  related  to  IVSS,  both  as  a  subject  and  as  an  experimenter.  Peri¬ 
odic  involvement  of  the  potential  crew  members  will  be  required  during 
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development  and  flight  testing  of  the  IVSS.  Training  requirements  will 
become  firm  as  experiment  design  and  system  designs  become  firm.  In 
general,  the  training  will  progress  through  the  following,  the  duration 
and  phasing  of  which  remains  to  be  established: 

•  Introduction  to  purpose  and  design  of  Experiments  P-1,  P-2, 
and  P-3 

•  Functional  and  operational  characteristics  of  the  IVSS 

•  Participation  as  subject  and  experimenter  in  IVSS  experimental 
simulation  programs 

•  Participation  in  developmental  design,  qualification,  and  test¬ 
ing  of  IVSS 

•  Participation  in  developmental  and  experimental  flight  test 
operations,  if  conducted 

•  Formal  extensive  training  in  the  operation,  conduct,  and  in¬ 
space  analysis  of  IVSS  experiments;  by  means  of  laboratory 
and  simulation  exercises 

•  Advanced  training  in  the  functional  characteristics  and  opera¬ 
tional  aspects  of  the  IVSS,  with  emphasis  upon  fault  isolation 
and  repair  procedures 

•  Integrated  crew  training  and  experiment  procedures  training. 

The  training  requirements  will  be  refined  as  system  design  and  experi¬ 
ment  designs  for  P-1.  P-2,  and  P-3  are  established  during  Phase  I. 

3. 2. 9.  5  Selection  Criteria 

It  is  assumed  that  the  flight  crew  research  pilot  pool  will  possess  the  vis¬ 
ual  and  perceptual- motor  attributes  for  actual  operation  of  the  IVSS  during 
the  conduct  of  P-1,  P-2,  and  P-3.  It  may  be  critical  that  the  selection  of 
the  crew  be  based  upon  a  particular  skill  requirement  to  conduct  IVSS  ex¬ 
periments,  particularly  photo  interpretive  and  aerial  observer  skills.  It 
is  felt  that  a  comprehensive  well  phased  training  program  will  result  in 
the  necessary  repertoire  of  skills  to  ensure  a  high  level  of  efficiency  and 
a  reasonable  probability  of  success.  Specific  selection  criteria  remain  to 
be  established. 

3. 2. 9. 6  Maximum  Work  Periods 

The  complex  perceptual-motor  skills  required  of  the  crew  member  par¬ 
ticipating  in  the  acquisition  and  tracking  of  targets  is  very  demanding. 

A  30-minute  interval  of  work  with  the  pointing  tracking  scope  is  consid¬ 
ered  a  maximum.  The  analysis  of  data  and  measurement  of  photographs 
has  a  recommended  maximum  work  period  of  2  hours.  Minimum  rest 
period  between  both  work  periods  is  30  minutes. 
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3.3  Primiry  Experiment  P-2  -  Acquieition  end  Trecking  of  Spece  Tergete 

3.  3. 1  Approach 

The  design  of  Primary  Experiment  P-2  has  considered  the  essential  dif¬ 
ferences  between  a  simulation  laboratory  and  the  space  environment. 

This  experiment,  dealing  with  assessment  of  human  contribution  to  the 
acquisition  and  tracking  of  space  targets,  is  in  reality  a  series  of  psy¬ 
chophysical  measurements.  The  nature  of  visual  environment,  orbital 
mechanics,  and  operational  environment  dictate  a  series  of  measure¬ 
ments  rather  than  a  controlled  presentations  of  stimulus  materials  to  the 
observer  as  is  possible  in  the  laboratory. 

The  essential  measurements  during  Ejqperiment  P-2  are  as  follows:  (1) 
time  to  acquisition  or  detection  of  satellite  target  and  (2),  pointing  errors 
over  time.  These  characteristics  will  be  measured  by  photographic  and 
digital  techniques  described  in  Section  2. 1  and  in  Volume  m.  The  error 
budget  for  P-2  is  described  in  Section  2. 1,  which  describes  the  isolation 
and  measurement  of  error  and  error  variance  such  that  human  contribu¬ 
tion  may  be  isolated  and  assessed. 

Boundaries  will  have  been  established  regarding  human  acquisition  and 
tracking  of  space  targets  by  means  of  sophisticated  simulation  studies, 
and  a  data  pool  of  at  least  24  subjects.  Limits  of  human  capabilities  will 
be  predictable  with  some  degree  of  certainty;  permitting  an  analysis  of 
the  contributions  of  the  flight  crew  based  on  a  limited  number  of  samples; 
and  two  subjects,  based  upon  within- subject  measures  of  variance  and 
comparison  of  results  with  the  data  pool. 

3.  3. 2  Considerations  Regarding  Utilization  of  One  or  Two  Crew  Members 
Use  of  both  crew  members  as  participants  in  Experiment  P-2  is  rec¬ 
ommended.  The  performance  of  both  crew  members  can  be  pooled  and 
compared  with  the  performance  of  the  space  crew  population  as  a  whole, 
due  to  the  limited  population  and  remarkable  lack  of  variability  in  percep¬ 
tual-motor  task  performance  exhibited  by  this  population  after  having 
been  trained  to  criteria.  This  lack  of  variability  will  permit  prediction 
with  a  level  of  confidence  not  ordinarily  possible  with  limited  populations. 

3. 3. 3  Analysis  of  Results  of  Primary  Experiment  P-2 
Relationships  of  apparent  motion,  star  field  density,  and  time  of  acquisi¬ 
tion  have  been  established  by  elemental  simulations.  These  relationships 
will  be  studied  to  some  length  by  means  of  simulation  studies  on  a  longi¬ 
tudinal  base,  as  described  in  Volume  11.  These  relationships  will  also 
serve  as  the  data  pool,  both  on  a  group  basis  and  for  purposes  of  applying 
the  technique  of  each  subject  as  his  own  control. 
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The  acquisition  relationships  will  be  plotted  for  both  subjects,  and  for 
each  subject  individually.  These  relationships  will  be  refined  as  more 
measurements  are  completed.  The  relationships  for  acquisition  will  be 
compared  with  those  gathered  in  simulation  under  equivalent  dynamic  and 
environmental  constraints,  for  both  the  Individual  involved  and  for  the 
data  pool  as  a  whole. 

The  tracking  characteristics  will  be  measured  on  board  for  each  of  the 
two  observers.  This  data  will  be  assessed  with  the  primary  objective  d 
determining  human  capability  to  track  compatible  with  requirements  for 
precise  image  velocity  determination.  Primary  technique  will  be  photo¬ 
graphic  recording  and  measurement,  initially  on-board,  finally  on  the 
ground  where  environmental  and  dynamic  effects  will  be  correlated  with 
performance;  thus  bounding  human  performance  in  P-2. 

Experiment  P-2  is  reported  in  a  form  similar  to  the  MOL  Data  Book  for 
those  items  related  to  human  functions. 

3.3.4  Test  Objective 

The  major  obje'^tive  of  Experiment  P-2  is  to  assess  man's  contribution  to 
space  target  detection,  acquisition,  and  tracking.  A  series  of  specific 
objectives  have  been  established  in  order  to  provide  an  adequate  evalua¬ 
tion  of  human  ability  to  perform  space  target  acquisition  and  tracking. 

The  objectives  are: 

•  To  evaluate  human  capability  to  acquire  and  track  space 
targets  under  a  representative  sample  of  mission  conditions, 
environmental  constraints,  subsystem  modes,  and  orbital 
relationships. 

•  To  assess  man’s  capabilities  with  regard  to  characterizing 
space  targets  by  utilizing  the  information  content  in  the  time- 
varying  image  and  in  photographic  data. 

•  To  assess  man’s  contribution  in  use  of  the  IVSS  in  several 
alternate  modes  g<  operation  to  accomplish  the  specific  ob¬ 
jectives  stated  above. 

•  To  evaluate  man’s  capability  to  acquire  and  track  co-planar 
targets  with  the  IVSS  for  purposes  of  determining  his  con¬ 
tribution  to  rendezvous  guidance. 

To  satisfy  the  objectives  of  Experiment  P-2,  two  Sub- Experiments  have 
been  designed.  The  Sub-Experiments,  P-2. 1  titled  "Acquisition  and 
Tracking  of  Targets  in  Co-Planar  Orbits”  and  P-2.2  "Acquisition  and 
Tracking  of  Targets  in  Fly-By  Maneuvers  For  Precise  Image  Velocity 
Determination, "  are  shown  in  Tables  3-6  and  3-7. 


58 


Secret 


Secret 


Table  3-6 

SUB-EXPERIMENTS  COMPRISING  EXPERIMENT  P-2 
"ACQUISITION  AND  TRACKING  OF  SPACE  TARGETS" 


Sub-Experiment  Number 

Within  Experiment  Priority 

Sub-Experiment  Title 

Man-Calibration 

Note  1 

Basic  Visual  Testing, 
Perceptual  Motor  Skills 
Evaluation 

P-1.1 

Note  2 

Alignment  and  Calibra¬ 
tion  of  the  PTS,  Recording 
Cameras,  and  Vehicle 
Reference 

t 

P-2.1 

Priority  1 

Acquisition  and  Tracking 
of  Targets  in  Co-Planar 
Orbits 

P-2.1.1 

Characterization  of  Tar¬ 
gets  in  Co-Planar  Orbits 
by  Use  of  Visual  Image 
and  Photographic  Data 

P-2.2 

Priority  2 

Acquisition  and  Tracking 
of  Targets  in  Fly-By 
Maneuvers  for  Precise 

Image  Velocity  Determin¬ 
ation 

P-2.1.1 

Characterization  of  Tar- 
geU  in  Fly-By  by  UtUi- 
zing  Time-Varying  Visual 
Image  and  Photographic 

Data 

Note  1.  Visual  testing  and  tracking  performance  required  for  man-calibration. 

Note  2.  To  be  performed  prior  to  experimentation  and  at  fixed  intervals  during 
mission. 
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Table  3-7 

ASSESSMENT  OF  HUMAN  CONTRIBUTION  TO  EXPERIMENT  P-2, 
"ACQUISITION  AND  TRACKING  OF  SPACE  TARGETS" 


Level  of  Incorporation 

Type  of  Contribution 

Assessment  by  Experiment 

Level  A 

Mode  Selection,  Monitor 
Sequences,  Power  Man¬ 
agement,  Insert  Film, 
etc.  Visual  acuity 

(All)  P-2.1,  P-2.2 

Man  Calibration 

Level  B 

Perceptual  Motor  Track¬ 
ing  Alignment  Checks, 

Drift  Correction,  Rate 
Inputs 

Remove  and  Replace 
Components 

P-2.1,  P-2.2 

Level  C 

Isolation  of  Failures, 
Quality  Judgments 

P-1.6  (Contingent  Exp.) 
P-2.1,  P-2.2 

Characterization  of 
Time-Varying  Image 

P-2.1.1 

P-2.2.1 

Evaluate  Exp.  Pro¬ 
gress,  Results 

Measure  locations  of 
target,  crosshair. 

Measure  and  classify 
targets. 

P-2.1,  P-2.2 
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3. 3. 5  Deacrlptlon  of  Baiperlment  P-2 

Experiment  P-2  Is  divided  into  two  major  sub-experiments,  each  with  an 
analysis  requirement  associated  with  it.  The  sub-experiments  relate  to 
acquisition  and  tracking  of  targets  in  co-planar  orbits  and  in  fly-by 
maneuvers.  The  two  major  sub-e]q>erlments  will  be  conducted  in  parallel 
with  experiments  P-1  and  P-3,  at  times  based  upon  availability  and  or¬ 
bital  relationships  of  space  targets.  The  data  gained  by  these  sub-experi¬ 
ments  will  be  replicated  an  adequate  number  of  times  under  representa¬ 
tive  conditions  to  ensure  that  the  results  are  generalizable  to  the  cases  of 
co-planar  and  fly-by  targets. 

Experiment  P-2  and  its  sub-e>q;>eriments  are  described  in  summary  form 
in  this  section  at  the  r^rt.  Summary  descriptions  Include:  (1)  sub- 
experiment  title,  (2)  specific  objectives,  (3)  crew  time  requirements, 

(4)  data  collection  orbits  and  elapsed  orbits  to  completion,  (5)  equipment 
requirements,  and  (6)  evaluation  methodology. 

It  is  desirable  that  both  crew  members  participate  in  Eiqperiment  P-2. 

The  total  crew  time  requirement  over  a  30-day  mission  is  estimated  at 
17  hours,  divided  equally  among  the  two  crew  members.  The  breakdown 
of  activities  is: 

Sighting  Analysis  Total 

Crew  Member  A  3  hrs.  30  min.  5  hrs.  0  min.  8  hrs.  30  min. 

Crew  Member  B  3  hrs.  30  min.  5  hrs.  0  min.  8  hrs.  30  min. 

Totals  7  hrs.  0  min.  10  hrs.  0  min.  17  hrs.  0  min. 

The  average  daily  time  requirement  for  each  crew  member  for  sighting 
and  analysis  is  18.0  minutes  for  P-2.  However,  the  availability  cf  targets 
and  their  orbital  relationships  will  mean  heavier  work  periods  when  targets 
are  available  for  tracking,  with  intervals  during  which  P-2  will  not  be 
conducted. 

3. 3. 6  Summary  Eaqpertment  Definition 

3. 3. 6. 1  Sub- Experiment  P-2. 1  and  P-2. 1. 1 

3. 3. 6. 1. 1  P-2. 1  -  Acquisition  and  Tracking  of  Targets  in  Co-Planar 

6rMts 

P-2. 1. 1  -  Charactertaatlon  Targets  in  Co-Planw  Orbits 
by  Use  df  Visual  Image  and  Photogrmhic  Data 

3. 3. 6. 1. 2  Special  Objectives  -  To  assess  man's  capability  In  acquisition, 
tracking  and  image  velocity  determination  with  targets  in  co-planar  orbits. 

To  evaluate  nun's  ability  to  characterize  the  targets  in  co-planar  orbits 
by  using  the  visual  image  and  photographic  results. 

To  evaluate  man's  contribution  in  acquiring  and  tracking  targets  in 
co-planar  orbits  for  purposes  of  rendezvous. 
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The  results  of  this  sub-experiment  will  provide  data  regarding  human 
contribution  to  optical-photo  acquisition  and  tracking  cf  co-planar  targets 
in  orbit. 

3. 3. 6. 1. 3  Experiment  Priority  -  IVSS  Priority  3. 

3. 3.6. 1.4  Sub-E^eriment  Priority  -  1 

3. 3. 6. 1.5  Crew  Time  Requirements^ 


(P-2.1) 

Per  Exp.  Set 

No.  of  Sets 

Total 

Crew  Member  A 

16.0  min. 

10 

2  hrs.  40  min. 

Crew  Member  B 

16.0  min. 

10 

2  hrs.  40  min. 

ToUls 

(P-2. 1. 1) 

~W 

S  hrs.  20  min. 

Crew  Member  A 

20. 0  min. 

10 

3  hrs.  20  min. 

Crew  Member  B 

20. 0  min. 

10 

3  hrs.  20  min. 

Totals 

~1[S~ 

^  hrs.  40  min. 

3. 3. 6.1. 6  Total  No.  of  DaU  Collection  Orbits  -  30 

Orbit  position  dependent  -  Yes  (both  own  vehicle  and  target) 

3. 3. 6. 1. 7  Total  No.  of  Elapsed  Orbits  to  Completion  -  30  days 

3. 3. 6. 1. 8  Equipment  Requirements  -  Refer  to  Volume  in  for  P-2  equip¬ 
ment  requirements. 

3. 3. 6. 1. 9  Evaluation  Techniques  -  Error  and  Human  Performance  Meas¬ 
urements  -  Note;  For  a  detailed  description  refer  to  Section  2. 0,  Vol¬ 
ume  IV. 

•  System  Error  Measurements  - 

System  alignment  -  calibration  data;  prior  to,  during, 
and  after  completion  of  sub-e}q;>eriment 
System  state  variables  at  Intervals  during  signing  periods 
Characterization  of  IMU  and  servo  errors 
LOS  Angular  Rates  over  time  of  acquisition  and  tracking 
Discrete  operator  control  and  system  response. 

•  (^erator  Contribution  Measurements  - 

Visual  and  performance  in  tracking  for  "man  calibration" 
Discrete  operator  response,  discrete  system  response 
over  time 

Detailed  ground  examination  of  recording  camera  photo¬ 
graphic  results  over  time 
Examination  cf  photo-other  records  of  alignment 
Verbal  reports,  log  entries  by  crewman/experimenter 
On-board  examination  -  measurement  of  photographic 
data  by  crewman/experimenter. 

^  Both  crew  members  qualified  P-2  Experimenters. 
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•  Total  Performance  Measurements  - 

Ground  Tracking  Net  -  Vehicle  Ephemeride  over  time, 
Photographic  Results. 

•  Other  Measures  Characterizing  Situation  - 

Ground  tracking  of  laboratory  and  target  highly  desirable 
during  encounter  and  tracking  by  crew  member. 

3.  3. 6. 2  Sub-Experiment  P-2. 2  and  P-2. 2. 1 

3. 3. 6. 2. 1  P-2. 2  -  Acquisition  and  Tracking  of  Targets  in  Fly-By  Maneu¬ 
vers  For  Precise  Image  Velocity  Determination 

P-2. 2.1-  Characterization  of  Targets  in  Fly-By  Maneuvers 
by  Utilizing  The  Visual  Image  and  Photographic  Data 

3. 3. 6. 2. 2  Specific  Objectives  -  To  evaluate  human  contribution  to  ac¬ 
quisition  and  tracking  of  targets  in  Fly-By  Orbits  with  respect  to  Precise 
Inoage  Velocity  Determination. 

To  assess  man's  ability  to  work  with  the  visual  time-varying  image  of  the 
target  and  with  photographic  data  to  characterize  and  classify  the  target. 


The  results  of  this  esqperiment  will  permit  analysis  of  human  contribution 
to  acquisition  and  tracking  of  targets  in  fly-by  orbits. 


3. 3. 6. 2. 3  E?q>ertment  Priority  -  IVSS  Priority  3 

3. 3. 6. 2. 4  Sub-Experiment  Priority  -  Priority  2 


3. 3. 6. 2.5  Crew  Time  Requirements 
(P-2.2) 

Crew  Member 


Crew  Member  B 
Totals 
(P-2.2.1) 

Crew  Member  A 
Crew  Member  B 
Totals 


Per  Exp.  Set 
10.0  min. 

10. 0  min. 


20. 0  min. 
20. 0  min. 


No.  of  Sets 
5 
5 

10 


5 

5 

10 


Total 

0  hrs.  50  min. 
0  hrs.  50  min. 
1  hrs.  40  min. 


1  hrs.  40  min. 
1  hrs.  40  min. 
3  hrs.  20  min. 


3. 3. 6. 2. 6  Total  No.  of  Data  Collection  Orbits  -  10 

Orbit  position  dependent  -  Yes  (own  and  target  vehicle) 


3. 3. 6. 2. 7  Estimated  Elapsed  Orbits  to  Completion  -  30  days 

3.3.7  Test  And  Evaluation  Procedures 
Dynamic  Scheduling 

The  discussion  in  P-1  regarding  the  requirements  for  quick-response  com¬ 
puter  control  of  scheduling  applies  to  P-2  as  well.  See  Table  3-3  for 
scheduling  of  P-2  Experiments. 


^  Both  crew  members  qualified  P-2  E]q>erlmenters. 
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3.  3.  8  Total  Number  of  Tests  to  be  Performed 

Experiment  P-2  ccHisists  of  two  sub-experimentu  consisting  of  30  sets  or 
tests,  all  of  which  are  orbit  position  dependent,  and  30  periods  of  data 
analysis  and  measurement. 

3.3.9  Experimental  Parameters  to  be  Varied  During  Tests 

Key  parameters  to  be  varied  during  Experiment  P-2  are  the  following: 

(1)  type  of  orbital  relationship  between  own  vehicle  and  target,  namely 
co-pianar  or  fly-by  maneuver,  and  (2)  system  parameters  or  modes, 
each  Involving  a  specified  level  of  contribution  of  the  man,  and  an  inher¬ 
ent  capability  of  the  subsystem. 

3.3.10  Target  Types  and  Description 

Co-planar  target  preferably  a  co(¥erative  launch.  A  target  launched  from 
own  vehicle  may  be  satisfactory.  (Self-launched  vehicle  characteristics 
to  be  determined. ) 

Fly-by  targets  (to  be  determined). 

3.3.11  Data  to  be  Recorded 

See  Section  2. 1,  Volume  IV,  and  Volume  m  for  data. 

3.3.12  On-Board  Data  Processing 

The  functional  requirements  are  the  same  as  those  identified  for  Experi¬ 
ment  P-1,  except  there  is  an  additional  function  called  fly-by  targets. 

3.3.13  Physical  Data  Recovery  Requirements 

3.3.13.1  Photographic 
Description  ai  daU-type  and  amount  - 
70  mm  Photographs  -  6000  Frames 

Frequency  of  recovery  - 
Recovered  at  mission  end  - 
Returned  by  Gemini  Reentry  Vehicle. 

Data  Capsule  at  6  day  interval,  if  possible. 

Security  Required  - 
Classification  level  at  least  SECRET. 

Results  will  indicate  potential  operational  capability  in  space. 

3. 3. 13. 2  Records  and  Logs  o<  Experiment  P-2 
Description  - 

Log  Bocdcs,  experiment  protocol  sheets 

Frequency  of  Recovery  - 

At  end  of  mission,  by  Gemini  Vehicle. 
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Table  3-8 

SCHEDULING  OF  P-2  EXPERIMENTS 


1  3  5  7  9  11  13  15  17  19  21  23  25  27  29  31 


Total 

Time 


P-2.1  "Acquisition  and  Tracking  of  Targets  in  Co-Planar  Orbits" 


Twenty  (20)  sets  of  sightings  over  30-day  period,  if  mis¬ 
sion  and  environment  permits 


7.0  hrs 


P-2.1.1  "Characterization  of  Targets  in  Co-Planar  Orbits" 


Twenty  periods  of  data  analysis 


6  hrs 
40  min 


P-2.2  "Acquisition  and  Tracking  of  Targets  in  Fly-By  Maneuvers  for 
Precise  Image  Velocity  Determination" 

<  10  sets  of  sightings  over  30-day  period  » 


1  hr 
40  min 


P-2.2.1  "Characterization  of  Targets  in  Fly-By  Maneuvers" 
|<  Ten  periods  of  data  analysis  — — 


3  hrs 
20  min 


<  Man-Calibration  as  required  durbtg  mission  ■  ■  '  » 


Note;  P-1.6,  maintenance  experiment  -  a  contingent  experiment  to 
be  undertaken  if  mission  or  subsystem  contingencies  force 
cancellation  of  all  or  part  of  P-1,  P-2,  or  P-3. 

Security  Required  - 
SECRET 

Potential  operational  capabilities  implied. 

3. 3. 13. 3  Manning  Data 

It  is  recommended  that  both  crew  members  participate  in  P-2. 

3.  3. 13. 4  Basic  Skill  Requirements 

For  a  description  of  skill  requirements,  refer  to  Section  3. 1 

3. 3. 13. 5  Selection  Criteria  and  Training 
Refer  to  Section  3. 1  for  these  requirements 

3.  3. 13. 6  Maximum  Work  Periods 

Maximum  work  periods  for  Esqperiment  P-2  shall  not  exceed  15  minutes; 
during  which  acquisition  and  tracking  intervals  will  be  of  several  minutes 
duration.  The  very  demanding  visual  requirements  Indicate  short  periods 
of  usage.  Analysis  periods  should  not  CAceed  60  minutes. 
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3.4  Primary  Exparimant  P-3  -  '  Acquiaition  and  Tracking  of  Targata 
of  Opportunity  on  Land  and  on  tha  Ocaan 

3.4.1  Approach 

The  measurement  and  defintlon  of  limits  of  human  capability  on  the  ac¬ 
quisition  and  tracking  of  "targets  of  opportunity"  is  the  primary  object¬ 
ive  of  Experiment  P-3.  The  definition  of  "targets  of  opportunity"  has 
been  established  as  targets  of  known  characteristics  and  probable  loca¬ 
tion,  the  exact  locations  of  which  are  not  known.  It  is  assumed,  for  the 
design  of  P-3  for  the  initial  flight  at  least,  that  targets  will  be  briefed, 
and  the  locations  known  to  within  10  miles.  Targets  for  the  initial  de¬ 
ployment  will  be  those  not  too  inherently  difficult  to  locate,  of  higher  con¬ 
trast  with  the  background  and  of  adequate  recognition  probability.  As 
data  are  established  regarding  human  abilities  to  acquire  and  track  the 
"easier"targets,  those  more  difficult  to  locate  and  perceive  will  be  in¬ 
troduced. 

Acquisition  and  tracking  of  terrestrial  or  ground  targets  will  be  very 
similar  to  that  required  of  the  operator  during  P-1,  except  that  locations 
are  imprecisely  known.  More  attention  will  be  paid  during  the  analysis 
phase  in  describing  the  characteristics  of  the  "targets  of  opportunity". 
During  the  run,  the  operator  will  attempt  to  describe  and  characterize 
the  time-varying  visual  image  and  any  inherent  difficulties  he  encounters 
as  a  function  of  dynamics,  haze,  clouds,  or  lack  of  contrast.  To  ac¬ 
complish  this,  the  operator  must  be  trained  and  experienced  in  this  task 
by  means  (rf  simulation,  by  use  of  developmental  flight  test,  and  by  op¬ 
erational  e;q}erience  if  possible.  Training  at  USAF  installations  currently 
engaged  in  this  activity  is  recommended,  the  content  and  duration  of 
which  remains  to  be  established  during  Phase  I. 

Acquisition  and  tracking  of  ocean  targets  will  be  conducted  in  specified 
areas,  with  an  error  volume  compatible  with  the  real  field  of  view  of  the 
telescc^e,  the  scanning  dynamics,  and  the  real-time  tracking  constraints. 
Ships  of  all  types  will  be  tracked,  including  ocean  going  merchant  ships, 
as  well  as  military  vessels.  The  crew  members  will  characterize  the 
real-time  visual  image,  and  describe  inherent  difficulities  due  to  lack  of 
contrast  or  clouds.  On-board  analysis  of  the  photographic  data  is  rec¬ 
ommended,  during  which  time  the  crew  member  attempts  to  locate,  des¬ 
cribe,  measure,  and  if  possible,  classify  the  target  or  targets.  Pro¬ 
vision  has  been  made  for  on-board  measurement  and  analysis  of  photo¬ 
graphic  data  of  ocean  going  vessels.  The  measurement  projector  and 
optical  comparator  will  permit  measurements  of  this  sort;  as  well  as 
measurement  of  llne-of-sight  angular  rate  determinations,  which  are  of 
interest  also. 
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Acquisition  and  tracking  of  naval  vessels  and  ocean  going  vessels  of  other 
types  will  be  accomplished  in  port  as  well  as  at  sea.  Zone  of  Interior 
ports  such  as  Galveston  and  Norfolk  are  available  for  tracking.  Several 
areas  have  been  established  from  Hawaii  to  Puerto  Rico  to  determine  the 
availability  of  vessels  at  known  location  and  type  for  P-3.  These  will  be 
Included  in  the  target  availability  program  as  an  aid  to  experiment  sched¬ 
uling. 

Ocean  targets  are  a  class  of  targets  for  P-1  as  well  as  P-3,  the  major 
difference  being  the  accuracy  to  which  the  target  locations  are  known. 
During  Initial  deployment,  briefing  aids  will  be  provided  if  possible,  to 
assist  the  operator  in  location  and  classification.  Close  cooperation  of 
the  U.S.  Navy  is  recommended  as  requirements  for  ocean  target  tracking 
and  analysis  are  refined  during  Phase  I.  Training  of  the  potential  crew 
members  for  this  task  should  be  accomplished  at  Naval  installations  such 
as  the  Naval  Reconnaissance  and  Technical  Support  Center. 

3. 4.  2  Teat  Objective 

The  major  experim^  objective  is  to  evaluate  man's  capability  to  acquire 
and  track  land  and  ocean  targets  of  opportunity.  Specific  objectives  of 
Expex'iment  P-3  are: 

e  To  evaluate  man's  capability  to  scan  selected  areas  of  the 
Earth  land  mass  for  purposes  of  acquiring,  tracking,  and 
characterizing  targets  of  opportunity, 
e  To  evaluate  man's  capability  to  scan  selected  ocean  areas  for 
purposes  of  acquiring,  tracking,  measuring,  and  classifying 
ocean-going  vessels  of  all  classes, 
e  To  assess  man’s  capability  to  utilize  the  time- varying  visual 
image  and  selected  photographic  data  for  purposes  of  identify¬ 
ing,  measuring,  and  characterizing  land  targets  of  opportunity, 
e  To  assess  man's  capability  to  use  the  time-varying  visual 
image  and  selected  photographic  data  for  purposes  at  iden¬ 
tifying  and  classifying  merchant  ships,  military  vessels,  and 
surfaced  submarines. 

To  establish  the  degree  of  human  contribution  and  capabilities  in  this  area, 
and  to  meet  the  specific  objectives.  Experiment  P-3  consists  of  two  sub¬ 
experiments  or  tests.  Tables  3-9  and  3-10  list  the  sub-experiments 
of  P-3. 

It  is  important  to  establish  boundaries  or  limits  of  human  capabilities  in 
the  difficult  task  of  ship  classification  and  measurement.  Lack  of  object 
and  background  contrast,  a  major  problem  in  classification,  should  be 
measured  systematically  with  cooperation  of  U.S.  Naval  vessels,  both 
at  sea  and  in  port.  The  PTS,  its  resolution  capabilities  described  in 
Volume  m,  will  be  applied  to  the  ship  classification  problem  to  measure 
human  abilities  under  operational  constraints. 
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Table  3-9 

SUB-EXPERIMENTS  COMPRISING  EXPERIMENT  P-3 
"ACQUISITION  AND  TRACKING  OF  TARGETS  OF  OPPORTUNITY 
ON  LAND  AND  ON  OCEAN" 


Sub-Experiment  Number 

Within  Experiment  Priority 

Sub-Experiment  Title 

Man  Calibration 

Note  1 

Basic  Visuai  Testing  - 
Evaluate  Perceptual 

Motor  Tracking 

P-1.1 

Note  2 

Alignment  and  Calibra¬ 
tion  of  the  PTS  and  Re¬ 
cording  Camera 

P-3.1 

Priority  2 

Detection,  Acquisition, 
and  Tracking  of  Ground 
Targets  of  Opportunity 

P-3.1.1 

Interpretation,  Classifi¬ 
cation,  and  Characteriza¬ 
tion  ol  Ground  Targets  of 
0|>portunity 

P-3.2 

Priority  1 

Detection,  Acquisition, 
and  Tracking  of  Ocean 
Targets  of  Opportunity 

P-3.2.1 

Classification  and  Char¬ 
acterization  ol  Ships  and 
Surfaced  Submarines 

Note  1.  Visual  testing  and  tracking  performance  used  as  base-line  data. 

Note  2.  To  be  performed  prior  to  any  formal  experimentation  and  at  speciliec! 
intervals  thereafter. 
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Table  3-10 

ASSESSMENT  OF  HUMAN  CONTRIBUTION  TO  EXPERIMENT  P-3 
"ACQUISITION  AND  TRACKING  OF  TARGETS  OF  OPPORTUNITY 
ON  LAND  AND  ON  OCEAN" 


Level  of  Incorporation 

Type  of  Operator  Contribution 

Aaaeaament  by  Experiment 

Level  A 

Mode  Selection,  Monitor 
Syetema  Statue,  Sequence  of 
Operation 

P-3.1,  P-3.2 

Inaert  Film 

P-3.1,  P-3.2 

Vieual  acuity,  cbaracter- 
ietlca 

Man  Calibration 

Level  B 

Perceptual -motor  tracking 

P-3.1,  P-3.2 

Alignment  checking 

Correction  of  drift. 

P-1.1 

Manual  rate  inputa 

P-3.1,  P-3.2 

Remove,  replace  compon- 
enta 

P-1.6  (Contingent  Exp.) 

Level  C 

Characteriaation  cf  Vieual 
Image 

P-3.1.1,  P-3.2.2 

Interpretation  of  Photo- 
traphlc  Data 

P-3.1.1,  P-3.2.1 

Quality  Judgmenta 

P-3,1,  P-3,2 

Evaluate  progreaa  of  ex¬ 
periment 

Meaaurement  of  target, 
croeabalr  locatlona 

P-3.1,  P-3.2 

Manfunctlon  laolatlon,  lao- 
latlon  of  Fallurea 

P-1.6  (Contingent  Exp.) 
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3.4.3  DeBcrlptlon  of  Experiment  P-3 

Experiment  P-3  is  comprised  of  two  major  sub-e^eriments,  acquisition 
and  tracking  of  land  targets  and  acquisition  and  tracking  ocean  targets. 
Each  sub-experiment  has  associated  with  it  an  analysis  period  whereby 
the  experimenter  attempts  to  characterize  and  classify  the  target  after 
having  worked  with  the  time-varying  visual  image  and  the  photographic 
results.  Experiment  P-3,  will  be  conducted  in  parallel  with  Experiments 
P-1  and  P-2.  Specific  experiment  sets  or  tests  will  be  interwoven  with 
the  other  major  IVSS  experiments  based  upon  orbital  characteristics, 
availability  of  targets,  and  environmental  constraints,  particularly 
weather.  Precise  LOS  angular  rate  determination  remains  a  prime  area 
of  interest. 

Experiment  P-3  and  its  sub-experiments  are  described  in  summary  form 
in  a  numner  similar  to  P-1  and  P-2. 


Both  crew  members  will  participate  in  Experiment  P-3.  Total  time  re¬ 
quirements  for  the  two  crew  members  over  a  nominal  30-day  mission  is 
22  hours,  30  minutes.  A  considerable  part  of  the  time  would  be  spent  in 
on  board  measurement  and  analysis  of  photographic  data.  The  crew  time 
activities  are: 


Crew  Member  A 
Crew  Member  B 
Totals 


Sighting 
6  hrs.  0  min. 
6  hrs.  0  min. 
12  hrs.  0  min. 


Analysis 
5  hrs.  15  min. 
5  hrs.  15  min. 
10  hrs.  30  min. 


Total 

11  hrs.  15  min. 
11  hrs.  15  min. 
22  hrs.  30  min. 


The  average  work  load  per  crew  member  on  a  dally  basis  for  conduct  and 
analysis  of  P-3  is  20.0  minutes. 

3.4.4  Summary  Experiment  Definition 

3. 4. 4. 1  Sub-Experiment  -  N/A 

3.4.4. 1.1  '’Acquisition  and  Tracking  of  Targets  of  Opportunity  On  Land 
and  On  the  Oceans" 

3. 4. 4. 1. 2  Specific  Objectives  -  To  assess  man's  contribution  to  acquisi¬ 
tion  and  tracking  of  "targets  of  opportunity"  under  a  representative  sam¬ 
ple  of  mission  conditions  and  environmental  constraints. 

(For  a  detailed  list  of  P-3  objectives,  refer  to  Exp.  P-3,  Test  Objective) 

3. 4. 4. 1. 3  E3q)eriment  Priority  -  Within  IVSS,  priority  2. 

3. 4. 4. 1. 4  Crew  Time  Requirements^ 

Crew  Member  A  Total  Time  11  hrs.  15  min. 

Crew  Member  B  Total  Time  11  hrs.  15  min. 

Total  22  hrs.  30  min. 

^  Both  crew  members  considered  qualified  P-3  experimenters. 
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3.4. 4. 1.5  Total  Number  of  Data  Collection  Orbits  Required  - 

Orbit  position  dependent  -  Sluing  -  Yes 

Aiudysis  -  No 

3. 4. 4. 1. 6  Total  time  to  Completion  of  P-3  Experiment  -  30  days  esti¬ 
mated. 

3. 4. 4. 1. 7  Equipment  Requirements:  Refer  to  Volume  m  for  equipment 
requirements. 

3. 4. 4. 1. 8  Evaluation  Techniques  -  Error  Measurements,  Performance 
Measurements  -  Note:  For  a  description  of  the  Isolation  and  measure¬ 
ment  of  error  sources,  refer  to  Section  2. 1,  Volume  IV. 

e  System  Error  Measurements  - 

System  alignment  and  calibration  records,  prior  to, 
during,  and  after  completion  of  P-3  Experiment. 

System  state  variables,  at  selected  points  In  time. 
Characterization  of  IMU  and  servo  errors. 

LOS  Angular  Rate  over  selected  time  periods  during 
sighting. 

Discrete  operator  and  system  response. 

(Refer  to  Section  5.0,  Volume  m) 
e  Operator  Contribution  Measurements  - 

Visual  characteristics  and  tracking  performance  for 
"Man-Calibration"  purposes. 

Discrete  operator  response,  system  discrete  response 
sampled,  stored,  transmitted  to  ground. 

Detailed  ground  examination  of  photographic  results. 
Examination  of  photo  records  of  alignment. 

Verbal  reporting  and  log  entries  by  crew-eiqperimenters. 
Examination  and  measurement  of  selected  photographic 
data  by  crew  member/experimenter. 

(Refer  to  Section  5.0,  Volume  HI) 
e  Total  Performance  Measurements  • 

Ground  Tracking  Net  Vehicle  Ephemeride  Data  over 
time.  Photographic  Data, 
e  Other  Measures  Characterizing  Situation  - 

On  selected  test  sites  and  operational  targets,  character¬ 
ization  of  atmosphere  at  time  of  sighting  is  highly  de¬ 
sirable. 
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3. 4.4. 2  Sub- Experiments  P-3. 1  and  P-3. 1. 1 

3. 4. 4. 2. 1  -  P-3. 1  -  Detection,  Acgutsttlon  and  Tracking  ot  Ground 

Targets  of  Qpportuflty 

P-3. 1. 1  -  Classttlcatlon  and  Characterization  of  Ground 
‘Targets  of  Opportunity 

3. 4. 4. 2. 2  Specific  Objectives  -  To  evaluate  man's  capabilities  to  scan 
selected  areas  of  Earth's  land  mass  for  purposes  of  acquiring,  tracking 
and  determing  precise  Image  velocity  at  targets  of  opportunity. 

To  evaluate  human  canablllty  to  classify  and  describe  key  aspects  of  the 
visual  image  and  photographic  data. 

To  assess  operationally  the  ability  of  a  human  to  acquire  and  track  grcjund 
targets  of  opportunity  under  a  variety  of  missions  and  environmental  con¬ 
straints,  compatible  with  precise  image  velocity  determination. 

The  results  of  Sub-Experiments  P-3. 1  and  P-3. 1. 1  will  provide  data  re¬ 
garding  human  contribution  to  acquisition  and  tracking  of  groimd  targets 
of  opportunity  with  optical  and  photo  subsystems.  Results  gathered  by 
simulation  and  flight  test  will  be  validated  and  proof  tested.  Limits  of 
human  capabilities  as  a  function  of  orbit  and  environmental  constraints 
will  be  established,  permitting  prediction  of  human  performance  on  future 
flights. 

3. 4.4.2. 3  Sub-Experiment  Priority  -  Within  P-3,  priority  2. 

3. 4. 4. 2. 4  Crew  Time  Requirements^ 


(P-3.1) 

Per  Exp.  Set 

No.  of  Sets 

Total 

Crew  Member  A 

15.0  min. 

10 

3  hrs.  0  min. 

Crew  Member  B 

15. 0  min. 

10 

3  hrs.  0  min. 

Totals 

20 

6  hrs.  0  min. 

(P-3.1.1) 

Crew  Member  A 

45.0  min. 

4 

3  hrs.  0  min. 

Crew  Member  B 

45.0  min. 

4 

3  hrs.  0  min. 

Totals 

8 

6  hrs.  0  min. 

3. 4.4. 2. 5  Total  Number  of  Data  Collection  Orbits  -  40 

Orbit  Position  Dependent  -  P-3. 1  -  Yes;  P-3. 1.1-  No. 

3. 4. 4. 2. 6  Total  Number  of  Orbits  to  Completion  -  520  (est.  20  days) 

3. 4. 4. 3  Sub-Ebq;>eriment  P-3. 2  and  P-3. 2. 1 

3.4. 4. 3.1  -  P-3. 2  -  Detection,  Acquisition  and  Tracking  of  Ocean 
Targets  of  Opportunl^ 

P-3. 2. 1  -  Classification  and  Characterization  of  Ships  and 
Surfaced  Subnnarinei 

^  Both  crew  members  qualified  P-3  Experimenters. 
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3. 4. 4. 3. 2  Specific  Objectives  -  To  evaluate  man's  capability  to  scan 
selected  ocean  areas  for  purposes  of  acquiring,  tracking,  and  determin¬ 
ing  precise  image  velocity  of  ocean-going  vessels  of  all  classes. 

To  assess  man's  capability  to  utilize  the  time-varying  visual  image  and 
selected  photographic  data  for  purposes  of  identifying,  measuring,  and 
classifying  merchant  ships,  military  vessels,  and  surfaced  submarines. 

To  gather  c^erational  data  on  the  ability  of  man  to  acquire  ocean  targets 
of  opportunity  and  to  determine  procise  image  velocity  requirements 
tmder  a  selected  sample  of  mission  and  environmental  conditions. 

Sub-E:q)eriment  P-3. 2  will  validate  and  proof  test  results  established  by 
simulation  and  aircraft  flight  test,  while  providing  data  on  human  ccmtri- 
bution  to  acquisition  and  image  velocity  determination  of  ocean  targets  of 
opportunity.  Boundaries  of  man's  capabilities  will  be  established  for 
operational  constraints. 

3. 4.4. 3. 3  Sub-Experiment  Priority  -  within  P-3,  priority  1. 


3. 4. 4. 3. 4  Crew  Time  Requirements^ 

(P-3.2) 

Per  Exp.  Set 

No.of  Sets 

Total 

Crew  Member  A 

15.0  min. 

10 

3  hrs.  0  min. 

Crew  Member  B 

15. 0  min. 

10 

3  hrs.  0  min. 

Totals 

20 

6  hrs.  0  min. 

(P-3.2.1) 

Crew  Member  A 

45. 0  min. 

3 

2  hrs.  15  min. 

Crew  Member  B 

45.0  min. 

3 

2  hrs.  15  min. 

Totals 

6 

4  hrs.  30  min. 

3. 4.4. 3. 5  Total  Number  of  Data  Collection  Orbits  -  40 

Orbit  position  dependent  -  P-3. 2  -  Yes;  P-3. 2.1-  No. 

3. 4. 4. 3. 6  Total  Number  of  Orbits  for  Completion  -  520  (20  days) 

3.4.4. 3.7  Equipment  Requirements  -  Refer  to  Volume  m  for  P-3  equip¬ 
ment  requirements. 

3. 4. 4. 3. 8  Evaluation  Techniques  -  Error  and  Human  Performance 
Measurements  -  Note:  For  a  detailed  description  refer  to  Section  2. 0, 
Volume  IV. 

•  System  Error  Measurements  - 

System  alignment  -  calibration  data;  prior  to,  during, 
and  after  completion  of  sub- experiment. 

System  state  variables  at  intervals  during  sighting 
periods. 

^  Both  crew  members  qualified  P-3  Experimenters. 
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Characterization  of  IMU  and  servo  errors. 

LOS  Angular  Rates  over  time  of  acquisition  and  tracking. 
Discrete  operator  control  and  system  response. 

(Refer  to  Section  5. 0,  Volume  m) 

•  Operator  Contribution  Measurements  • 

Visual  and  performance  in  tracking  for  "man  calibration'.' 
Discrete  <H>erator  response,  discrete  system  response 
over  time. 

Detailed  ground  examination  of  recording  camera  photo¬ 
graphic  results  over  time. 

Examination  of  photo-other  records  of  alignment. 

Verbal  reports,  log  entries  by  crew  man/ experimenter. 
On-board  examination  -  measurement  of  photographic 
data  by  crewman/experimenter. 

(Refer  to  Section  5.0,  Volume  m) 
s  Total  Performance  Measurements  - 

Ground  Tracking  Net  -  Vehicle  Ephemeride  over  time. 
Photographic  Results. 

s  Other  Measures  Characterizing  Situation  - 

On  specified  best  sites,  at  specified  times,  characteriza¬ 
tion  of  atmosphere  by  use  of  specially  equipped  aircraft. 

3. 4. 5  Test  and  Evaluation  Procedures 

Comments  regarding  the  requirements  for  dynamic  scheduling  of  P-1, 

P-2,  and  P-3  are  included  in  Experiment  P-1.  See  Table  3-11  for 
E^qperiment  P-3  schedule. 

3. 4. 6  Total  Number  Of  Tests  to  be  Performed 

Experiment  P-3  consists  of  54  sets  of  tests  in  two  basic  sub-experiments. 
Of  these  40  sets  or  sighting  situations  are  orbit  position  dependent. 

3.4.7  Experimental  Parameters  To  Be  Varied  During  Tests 
Parameters  to  be  varied  during  Experiment  P-3  include:  (1)  type  of  tar¬ 
get  of  opportunity,  land  or  sea,  (2)  class  of  target  type;  land,  five  types, 
and  ocean,  three  types,  and  (3)  system  mode  of  operation,  primary  or 
one  of  two  alternate  modes. 

3. 4. 8  Target  Types  And  Descriptions 

Land  target  types  are  identical  to  those  described  in  Experiment  P-1. 

Ocean  target  types  are:  (1)  military  vessels,  large  and  medium,  (2) 
merchant  vessels,  and  (3)  surfaced  submarines. 

3.4.9  Target  Locations 

Four  target  location  areas  for  ocean  targets  were  selected  and  are  de¬ 
scribed  in  the  IVSS  Data  Book. 
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Table  3-11 

SCHEDULING  OF  P-3  EXPERIMENTS 


1  3 


P-3.1 


5  7  9  11  13  15  17  19  21  23  25  27  29  31 

"Detection,  Acquisition,  Tracking  Targets  of  Opportunity  (Ground)" 

■  Twenty  sets  of  sightings,  over  30  days,  » 

based  on  availability  of  targets  and  envi¬ 
ronmental  conditions 


Total 

Time 


6  hrs. 
0  min. 


P-3.1.1  "Interpretation,  Characterization  of  Ground  Target  of  Op¬ 
portunity  Using  Visual  Image  and  Photos" 


Eight  sets  of  45  minutes  duration,  non¬ 
orbit  dependent  periods,  as  appropriate 


P-3.2  "Detection,  Acquisition,  and  Tracking  of  Ocean  Tar¬ 
gets  of  Opportunity" 

Twenty  sets  of  sightings  over  30  days,  depend-  , 
ing  on  availability  of  ground  targets  and  weather 

P-3.2. 1  "Classification  and  Characterization  of  Ships  and  Surfaced 
Submarines” 


6  hrs. 
0  min. 


6  hrs. 
0  min. 


Six  sessions  of  characterizing  and 
classifying  ocean  targets  -  non¬ 
orbit  position  dependent 


*  Man-calibration  as  required  during  mission 


4  hrs. 
30  min 


Note:  P-1.6,  a  contingent  formal  maintenance  experiment,  will 
be  undertaken  if  contingencies  warrant  cancellation  of 
P-1,  P-2,  or  P-3  or  some  part  thereof. 
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3.4.10  Evaluation  Procedure 

(Identical  to  that  described  lor  Experiment  P-1) 

3.4.11  Physical  Data  Recovery  Requirements 

3.4.11.1  Photographic 

Description  -  data  type  and  amount 

70  mm  photographs,  approximately  8000  frames. 

Frequency  of  recovery  - 
At  end  of  mission 
Recovery  by  Gemini  Vehicle 

Required  Security  - 
SECRET 

Operational  capability  implied. 

3. 4. 11. 2  Records  and  Logs  of  Experiment  P-3 
Description  - 

Log  Books,  experiment  protocol 

Frequency  of  Recovery  - 

End  of  mission  by  Gemini  Vehicle 

Required  Security  - 
SECRET 

Operational  projected  capability  implied. 

3.4.11.3  Manning  Data 

Both  crew  members  will  participate  in  P-3. 

3. 4. 11. 4  Basic  Skill  Requirements  -  Selection  and  Training 
Refer  to  Sectlim  3. 1,  Volume  IV 

3. 4. 11. 5  Maximum  Work  Periods 

Maximum  work  periods  with  the  PTS  shall  not  exceed  15  minutes.  Actual 
continued  visual  and  perc^ual  use  of  the  PTS  will  be  of  1  to  3  minutes 
duration,  with  rest  Intervals  of  several  minutes.  Analysis  of  photos  and 
briefing  should  not  exceed  60  minutes. 

3.4.12  Target  of  Opportunity  Search  Patterns 

Targets  of  opportunity  are  characterized  by  the  fact  that  the  area  of  un¬ 
certainty  of  their  locations  is  greater  than  the  field  at  view  available  at  a 
magnlflcatlmt  sufficient  to  permit  discrimination  by  the  IVSS  observer. 
Consequently,  the  PTS  must  be  advanced  over  the  area  at  uncertainty  in 
some  search  or  scanning  pattern.  These  patterns  may  be  manually  con¬ 
trolled  or  exercised  automatically  by  the  IVSS  computer  in  accordance 
with  programs  provided.  In  the  latter  case,  override  by  the  observer  is 
permitted. 
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Two  search  patterns,  the  boustrophedon  or  raster  scan,  and  the  Archi¬ 
medes  spiral  were  investigated  during  the  present  IVSS  stu<ty.  An  analyt¬ 
ical  exposition  of  these  scan  patterns  is  provided  in  summary  form  in 
Section  3.  & 

The  boustrophedon  scan  would  be  particularly  valuable  in  the  case  where 
the  target  may  be  located  anywhere  in  the  area  of  uncertainty  with  uniform 
probability.  The  spiral  scan  is  also  useful  in  this  situation.  However,  it 
is  particularly  valuable  in  cases  in  which  the  target  has  a  maximally  prob¬ 
able  location  at  a  point,  with  a  decreasing  probability  of  location  radially 
outward  from  this  point.  This  has  the  Important  application  to  the  case 
of  locating  a  ship  which  is  being  tracked.  The  point  of  maximum  prob¬ 
ability,  in  this  case,  is  the  esqpected  position  of  the  ship. 

The  boustrophedon  scan  was  assumed  in  the  Target  of  Opportunity  Proce¬ 
dure  Analytical  Simulation  Investigation,  described  in  Section  2. 0.  The 
procedures  described  are  applicable  to  other  scanning  patterns,  as  welL 
Reprogramming  of  the  scan  will  permit  the  flight  crew  to  assess  and  se¬ 
lect  particular  patterns  for  application  in  space. 

S.S  Powar  ProfUa  af  Exparimanta 

Three  typical  power  profiles  for  three  IVSS  experiments  are  shown  in 
Figures  3-1,  3-2,  and  3-3.  During  use  of  the  PTS,  on  a  tyoical 
sighting  set,  it  was  assumed  the  servos  would  require  peak  power  during 
initial  positioning  and  slgMing  on  the  first  target,  after  which  the  power 
required  for  tracking  would  fall  back  to  an  average  value.  During  posi¬ 
tioning  of  the  PTS  for  subsequent  targets,  the  PTS  would  require  approxi¬ 
mately  300  watts  above  the  average  value  for  the  faster  slewing  rates. 

Sighting  on  targets  oi  opportunity,  with  the  lengthly  search  times,  requires 
the  additional  300  watts  for  a  significantly  longer  period  of  time,  as 
shown  in  Figure  3-2. 

The  photo  measurement  and  analysis  period  should  result  in  the  steady 
power  profile  shown  because  of  the  few  IVSS  equipments  involved.  It 
should  be  noted  that  all  power  profiles  given  are  indicative  of  power  re¬ 
quirements  (including  regulation)  for  only  the  IVSS  experiment  equipment, 
and  must  be  integrated  with  other  MOL  power  requirements  occurring 
during  the  experiment  period  for  an  overall  vehicle  power  profile  sum¬ 
mary. 

The  overall  power  requirements  of  the  system,  including  regulation,  are 
included  in  Section  5.0  of  Volume  m. 
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AcquItIHon,  Tracking 


Figure  3-2.  Power  Profile,  Typical  Sighting 
On  Targets  Of  Opportunity,  Two  Targets 


Film  FmjtcMr  ON 


Tim#  lf>  Minwfti  ^ 


Figure  3-3.  Power  Profile,  Typical  Photo 
Data  Measurement  And  Analysis  Period 
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3.6  Experiment  Scheduling 

It  is  well  recognized  that  scheduling  of  experiments  for  the  laboratory 
remains  as  a  major  task.  Efforts  to  date  to  schedule  experiments  with 
EXOTIC  n,  based  upon  a  computer  methodology,  have  resulted  in  reason¬ 
able  success.  Availability  of  targets  as  a  function  of  orbital  parameters 
and  day-night  cycles  has  been  used  as  a  scheduling  constraint.  Using 
data  gathered  by  a  computer  analysis  of  the  availability  of  55  targets  in 
the  Zone  of  Interior,  estimates  were  made  of  the  crew  time  required  to 
complete  experiments  P-1,  P-2,  and  P-3.  These  are  reported  in 
Section  3. 0  of  this  volume.  The  analysis  of  the  availability  of  targets  is 
included  in  the  Data  Book  supplement  to  the  IV3S  Final  Report. 

No  firm  scheduling  of  IVSS  experiments  is  reported  in  this  volume,  al¬ 
though  during  the  study  several  schedules  were  compiled  to  arrive  at 
crew  time  requirements  for  sighting  and  analysis  which  were  compatible 
with  the  probable  work-rest  cycle  and  total  crew  time  availability,  while 
meeting  the  requirements  for  sampling  an  adequate  number  of  targets 
under  enough  environmental  and  dynamic  constraints.  In  this  context, 
the  crew  time  requirements  for  sighting  and  analysis  are  considered 
minimal  for  a  nominal  30-day  initial  deployment  of  the  laboratory,  and 
were  arrived  at  by  careful  consideration  of  the  design  and  real-world 
availability  of  targets.  The  primary  experiments  are  described  in 
Section  3. 0,  including  the  estimates  of  total  crew  time  required  to  ccm- 
duct  the  experiments  and  sub-experiments,  the  specific  daily  scheduling 
of  which  remains  to  be  accomplished  during  Phase  I. 

A  coordinated  approach  to  experiment  scheduling  and  integration  is  re¬ 
commended  during  Phase  I,  during  which  the  target  requirements,  orbital 
dynamics,  experiment  design,  and  flight  crew  segment  requirements  are 
considered  not  only  for  P-1,  P-2,  and  P-3,  but  for  all  experiments  using 
the  IVSS. 

Primary  Experiments  P-1,  P-2,  and  P-3  are  of  a  nature  that  ground 
experiment  support  and  analysis  is  highly  desirable.  It  is  entirely  reason 
able  that  additional  primary  experiments  will  be  grouped  with  those  men¬ 
tioned  above,  but  the  requirements  stated  herein  are  for  support  of  P-1, 
P-2,  and  P-3  only.  It  has  been  assumed  that  an  experimental  control 
function  will  be  established,  which  will  provide  the  necessary  data  and 
decisions  to  support  the  mission  control,  operating  at  a  higher  level. 

A  reasonable  hierachy  of  decision-making  and  command  functions  must 
be  allocated  to  both  experiment  and  mission  control,  to  ensure  timely 
and  efficient  attainment  of  both  experimental  and  mission  objectives, 
with  crew  safety  and  health  considerations  (rf  primary  importance. 
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The  experimental  control  of  P-1,  P-2,  P-3  Experiments  will  require  a 
team  of  eight  persons,  working  three  shifts,  for  the  entire  missicm; 
other  related  primary  experiments  could  also  be  handled  by  this  group. 
The  grotq)  will  be  responsible  for  the  following  primary  functions; 

e  Monitor  progress  of  scheduled  Prinoary  Experiments  P-1, 

P-2  and  P-3 

e  Examine  telemetered  data  and  related  data  for  purposes  of 
determining  experiment  results 

e  Examine  hard  copy  when  available  (desirable  at  mission  time 
of  6  days,  12  days,  18  days,  with  final  return  on  Gemini 
vehicle) 

e  Provide  instructions,  qualification,  and  technical  assistance 
to  the  on-board  experlmenter(s)  on  a  demand  basis 
(Note:  Engineering  contingency  analysis  is  considered  a  func¬ 
tion  of  Mission  Control) 

e  Provide  superiors  in  experiment  control,  or  mission  control 
with  data  to  support  decision-making,  when  required 
e  Request  modifications  to  schedule  or  to  mission  due  to  ex¬ 
perimental  results,  contingencies,  or  other  constraints 
(Note:  Command  or  control  level  remains  to  be  established 
between  experiment  and  mission  control) 

#  When  required,  examine  performance  history  and  anomaly 
files  for  comparisons  of  crew  in-space  performance 
e  Provide  capability  to  re-schedule  on  a  several  orbit  turn¬ 
around,  any  or  all  of  the  three  prinoary  eiqperiments. 

It  would  be  desirable  to  locate  the  Experiment  Control  Center  in  the 
same  building  as  the  Mission  Control  to  facilitate  discussion,  but  it  is 
not  mandatory.  A  detailed  analysis  of  the  experiment  support  require¬ 
ments  will  be  undertaken  during  Phase  1,  including  integration  of  func¬ 
tions  for  other  e:qi>eriments  xuing  the  IVSS. 
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4.0  Function!  of  Mon 

4.1  Approoeh 

In  general,  the  approach  used  In  delineating  the  functions  of  man  was  an 
attempt  to  complement  the  ejqperimental  program  objectives  and  sub¬ 
system  design  constraints.  The  evolution  of  the  experiments,  equipment 
requirements,  human  functions,  and  man/machlne  interface  proceeded 
parallel  with  consequent  compromises  and  tradeoffs  made  as  necessary 
during  the  analysis.  Each  requirement  was  looked  at  in  depth,  repeatedly, 
with  the  final  outcome  being  Figure  5-1  of  the  IVSS  Panel  Layout  in¬ 
cluded  in  Section  S.  0,  "Human  Engineering  Considerations". 

4.2  PunetloMl  ond  Took  Anolyoio 

The  first  step  in  the  functional  analysis  was  to  lay  out  all  functions  and  re¬ 
lated  tasks  required  in  an  image  velocity  sensing  system  in  the  sequence 
in  which  they  would  be  performed.  No  attempt  was  made  to  define  the 
man/machine  interface  at  this  point  Figure  4-1,  "Flow  of  Functions 
Required  for  IVSS  Experimentation  and  Operation",  shows  the  results  of 
this  portion  of  the  analysis.  The  next  step  was  to  look  at  the  various 
functions  from  the  point  of  view  of  criticality,  separating  those  functions 
essential  to  the  IVSS  and  those  which  tend  to  be  mostly  a  support  to  the 
overall  effectiveness  of  the  experiment  or  test.  An  analysis  of  each  func¬ 
tion  was  then  made.  In  performing  this  tradeoff,  the  following  points  were 
kept  in  mind:  minimize  equipment  requirements  (especially  redundancy), 
minimize  manpower  requirements,  and  especially  try  to  require  only  one 
operator  on  duty  at  a  given  time  to  perform  a  given  set  of  experiments. 

The  basic  results  of  this  portion  of  the  study  is  shown  in  Figure  4-2, 
"Allocation  of  Functional  Responsibilities  Between  Stations".  Basically, 
the  reasoning  behind  a  two-station  console  is  as  follows:  Since  there  are 
experiments  other  than  the  IVSS  experiments  (P-1,  P-2,  P-3)  to  be  in¬ 
cluded  in  the  MOL  program,  plus  the  fact  that  at  least  two  astronauts  will 
be  used,  and  since  the  whole  system  is  really  only  in  the  conceptual  stage 
at  this  point,  it  seemed  unreasonable  to  have  a  highly  Integrated  console 
physically  wrapped  around  one  operator.  By  having  a  two-station  console 
broken  out  functionally,  as  shown  in  Figure  4-2,  it  is  possible  to  have 
either  station  in  use  separately  or  simultaneously.  Also,  the  equipment 
incorporated  at  Station  n  represent  functional  requirements  to  support 
P-1,  P-2,  and  P-S,  and  will  in  all  probability  be  included  as  functions  of 
the  integrated  displays  developed  to  satisfy  the  total  experimental  program. 

The  general  an>roach  used  in  the  study  was  to  proceed  from  the  macro 
level  to  the  micro  level  of  description  of  human  functions.  Clearly,  by  the 
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very  nature  of  pre-Phase  I  It  would  be  impossible  to  have  a  complete  and 
firm  answer  to  all  questions.  However,  It  was  possible  to  determine,  on 
a  preliminary  basis,  the  structure  of  each  function  and  the  feasibility  of 
having  it  performed  by  the  human.  The  results  of  such  an  analysis  are 
contained  in  Figure  4-3,  "Task  Plow  for  Briefing  Function- -Station  T' 
through  Figure  4-16,  "Task  Flow  for  Projection  Screen  Operation- - 
Station  n".  In  many  instances  specific  tasks  a  "e  included,  but  they  are 
included  for  experimental  verification.  For  example,  there  is  still  some 
question  with  regard  to  manual  control  of  filters  and  exposures.  One 
immediate  problem,  of  course,  is  the  question  of  training.  How  expert  a 
photographer  will  (or  must)  the  astronauts  be?  Experience  with  filters 
and  exposures  is  extremely  critical.  There  are  advantages  to  be  gained 
by  the  incorporation  of  manual  selection,  but  misuse  by  a  naive  operator 
could  certainly  be  disastrous.  Another,  similar  area,  discussed  in 
Section  3. 0  of  this  volume,  "Experiment  Procedures  Planning",  is  the 
ability  of  the  operator  to  make  judgements  about  taking  pictures  when 
conditions  are  below  minimum  or  optimum  (Quality  Filtering).  However, 
on  all  three  counts,  continued  study  is  required  to  determine  which 
approach  to  take  in  incorporating  the  human  in  the  experimental  subsystem. 
Without  sufficient  evidence  it  is  deemed  foolhardy  to  incorporate  such 
tasks  on  an  operational  basis.  However,  they  are  included  on  an  experi¬ 
mental  basis  so  that  a  possible  in-orbit  determination  can  be  made  as  to 
whether  such  tasks  should  actually  be  assigned  as  functions  of  man  in  an 
operational  system. 
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Figure  4-1  Flow  of  Functions  Required  for  IVSS  Experimentation  and  Operation 
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Figure  4-3.  Task  Flow  for  Briefing  Function-Station  I 
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Figure  4-4.  Camera  Alignment  and  Focusing  (Both  Cameras) 
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Figure  4-6.  Task  Flow  for  Mode  Control  Function-Station  I 
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Figure  4-8.  Task  Flow  for  FTS  Control  Function-Station  1 
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Figure  4-9.  Task  Flow  for  Tracking  Function-Station  1 
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Figure  4-11.  Task  Flow  for  MDIU  &  MDDU 
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Figure  4-12.  Task  Flow,  Voice  Commentary  During  Experiment 
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Figure  4-14.  Task  Flow  for  Malfunction  (Sheet  1  of  2) 
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Figure  4  -  16.  Task  Flow  for  Projection  Screen  Operation -Station  II 
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4.3  Time  Line  Atuilyiii 

One  Important  question  to  be  answered  before  continuing  was,  whether  or 
not,  under  the  extreme  physical  and  experimental  time  constraints,  the 
operator  could  perform  the  many  and  varied  tasks  without  Interfering  with 
the  acquisition  and  tracking  functions  of  the  primary  experiments.  It  Is 
clear,  of  course,  a  priori,  that  functions  performed  on  Station  n  would  not 
cause  any  problem  since  it  does  not  have  functions  required  on  a  real-time 
basis  and  secondly,  it  is  not  directly  involved  in  any  experiments  per¬ 
formed  at  Station  I.  Figure  4-17  shows  the  estimated  time  requirements 
for  a  typical  data  reduction  task.  Basically,  the  function  here  Is  to  place 
the  crosshairs  on  at  least  two  different  points  (reference  point  and  target 
point)  and  measure  the  relative  distance  between  them.  Analysis  of  photo¬ 
graphic  content  is  accomplished  here  also.  Figure  4-18  is  a  graph  of  the 
estimated  time  requirements  for  performance  of  Experiment  P-1. 2,  Fig¬ 
ure  4-19  is  the  use  of  the  Visual  Evaluation  Tracker  (VET).  The  VET 
test  takes  sufficient  time  so  as  to  require  that  it  not  be  performed  during 
an  experimental  pass  over  the  ZI.  However,  this  requirement  in  no  way 
Interferes  with  the  experimental  design  (see  Section  3. 0)  which  requires 
that  VET  testing  be  accomplished  at  leut  every  second  day  at  low  work¬ 
load  periods.  Of  the  three  Time  Lines,  the  one  Included  for  P-1. 2  Is  the 
most  critical  because  here  the  physical  constraints  are  such  that  each  tar¬ 
get  must  be  acquired  and  tracked  In  a  matter  of  about  60  seconds,  other¬ 
wise  the  target  is  out  of  view.  This  Time  Line  (Figure  4-16  Includes 
only  the  case  of  a  single  target.  However,  for  a  given  pass  over  the  ZI, 
even  though  there  may  be  five  to  eight  targets  to  be  looked  at,  this  does 
not  mean  that  It  would  take  from  1-1/2  to  2  hours  to  perform  the  full  ex¬ 
periment.  If  this  were  true,  the  work-load  of  the  operator  would  have  to 
be  drastically  reduced  since  it  takes  only  on  the  order  of  10  to  15  minutes 
to  pass  over  the  ZI.  The  saving  fact  is  that  each  function  Is  not  repeated 
for  each  target  and  most  Importantly  the  14-minute  briefing  function  would 
not  be  required.  Functions  A  (Power  On)  through  D  (Mode)  would  be  per- 
fromed  prior  to  entry  into  the  ZI.  Function  E  (Target  Parameter)  through 
J  (Quality  Filtering)  would  be  performed  in  varying  degrees  for  each  tar¬ 
get.  These  functions  (E  through  J)  involve,  in  total,  about  1  minute  with 
approximately  30  seconds  of  that  time  Involving  tasks  that  require  thu  tar¬ 
get  to  be  in  view,  1.  e. ,  starting  with  Function  I  -  Tracking.  This  means 
that  the  other  tasks  might  possibly  be  performed  during  the  transisition 
period  from  one  target  to  another.  It  appears  then,  that  at  least  tor  these 
Initial  efforts,  that  the  subtasks  can  be  incorporated  on  a  non-interference 
basis.  This  Time  Line  of  P-1J2,  (Figure  4-18  is  sufficient^  general  to 
indicate  that  no  problems  are  immedia,.ely  evident  for  experiment  P-3 

101 


Secret 


Secrat 


Figure  4-17.  Time  Une  Analysis,  Photo  Data  Measurement  and  Analysis 
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Figure  4-19.  Time  Line  Analysis,  Use  of  Visual  Evaluation  Tracker 

since  the  experiment  is  very  similar  to  P-1.  Experiment  P-2  is  described 
in  the  Time  Line  of  Figure  4-20.  No  serious  time  constraints  are  seen 
for  typical  encounters. 

4.4  Treining  ConsidaretioM  and  Raquiraments 

The  skill  requirements  imposed  upon  the  crew  have  been  identified  and  are 
described  in  detail  in  Section  3. 0  of  this  volume.  These  skill  require¬ 
ments  have  been  translated  into  crew  training  requirements.  It  is  highly 
desirable  that  the  crew  participate  in  the  primary  experiments  at  a  com¬ 
bined  level,  that  of  an  experimenter  as  well  as  a  subject.  The  nature  of 
the  experiments,  whose  basic  objectives  are  the  assessment  of  human 
contribution,  require  human  participation  and  involvement  not  oridnarily 
expected  of  flight  crew  personneL  Therefore,  close  attention  must  be 
paid  to  establishing  training  and  selection  standards  as  definition  of  the 
IVSS  proceeds.  Participation  of  the  crew  members  during  development 
and  flight  testing  is  essential  to  ensure  an  adequate  combination  of  knowl¬ 
edge,  technical  skills,  procedural  skills  and  experience,  and  ego- involve¬ 
ment  essential  for  experiment  success. 

The  duration  of  training  and  phasing  of  the  training  periods  have  yet  to  be 
established,  and  will  be  addressed  in  detail  during  Phase  L  However,  in 
the  data  forms  for  each  experiment,  tne  basic  training  requirements  have 
been  identified  for  each  experiment,  which  will  serve  as  bases  for  training 
standards  and  training  plans.  Use  of  contractor  facilities,  simulators, 
and  flight  test  hardware  will  be  established  and  coordinated  with  deliveries 
of  hardware  and  USAF  space  flight  crew  training  programs. 

K 


104 


Secret 


Fwf»cHon<  md  Tfl>ki 


IVSS  few«r 

On  'Off  'Standby 

Voie«  ftacord 

Monitor  Topa  Mmatnins 
On  Off  Volum* 

Rocord 

Sot  lUcocd  Gain 
fdonltar  lUcofd  Gain 
Hoyboek 

Foit  Fonwofd 
Fott  Rovon# 

Rtlood  Top# 


Irloflnp 

Ffomt  Soloct 
Rod  Ffltor  SaUct 
Diiploy  bbda  On/Off 
Irlof  Intontlty 

Slid*  Oriontotton  -  On/Off/Contool 
Study  Irloflng  Motorlol 


bbd« 

Attitudt  Control 
Modo  Soloct 
Fur%ctton  Soloct 
Tof^ot  Soloct 
frock  Mbdo 
SconbWdo 


Toipot  Fbromotor 
Monitor 

Latitude  'lonfitudo 
fl«o  to  Tatpot 
Toipot  Track  Tlioo 
Minknioo  LOS  Dlitonct 


Cowioro 

faipoowto  Soloct 
Flltor  Soloct 
Monitor  Ftloi  Typo 
Monitor/Sot  RtoMoi  Rowolnlnp 
FfM  too  Soloct 


MopnIfI  cation 
SpoctTil  Ftiton 
tolcio  Hue 
Attonuotlon 
Morlootlon 
Rollcio  trlpbtnoB 
tontifp  Anplot 


Focut 

Awto^Monuol 

Ad|U«t 

frock  Inf 

Monlpvloto  Hond  Control 
Quality  Flltorinf 
Yot'Nt 


Secret 


I4imn^30l«c  ISniti^Oivc  ISmln^lOMc  I S  min^  20  Ivc  I5"iin,  30 


mmam 


m 


9.  K  '/■  V-  V,  •/,  » 


Figure  4rl8.  Time  Line  Anelyele,  Aoquleltlon  and  Tracking 
of  Ground  Targeta 

103 


Secret 


Secret 


Functioni  and  Toikt 

4  IOC  8  toe  3  min,  6  toe 

•  *  1 

Mod* 

AMthida  Control 

Modo  Soloct 

m 

Function  Soloct 

Torgot  Soloct 

Trock  Modo 

m 

Scon  Modo 

Trock  {n9 

3  min 

Monipwloto  Hond  Control 

VET 

w^m 

Trock  Mbdo 

fewor 

Koeord 

Irigktnou 

■m 

Figure  4-19.  Time  Line  Analysis,  Use  of  Visual  Evaluation  Tracker 

since  the  experiment  is  very  similar  to  P-1.  Experiment  P-2  is  described 
in  the  Time  Line  of  Figure  4-20.  No  serious  time  constraints  are  seen 
for  typical  encounters. 

4.4  TniBing  Coasidaretiont  and  Raquiramanta 

The  skill  requirements  imposed  upon  the  crew  have  been  identified  and  are 
described  in  detail  in  Section  3. 0  of  this  volume.  These  skill  require¬ 
ments  have  been  translated  into  crew  training  requirements.  It  is  highly 
desirable  that  the  crew  participate  in  the  primary  experiments  at  a  com¬ 
bined  level,  that  of  an  experimenter  as  well  as  a  subject.  The  nature  of 
the  experiments,  whose  basic  objectives  are  the  assessment  of  human 
contribution,  require  human  participation  and  involvement  not  oridnarily 
expected  of  flight  crew  personneL  Therefore,  close  attention  must  be 
paid  to  establishing  training  and  selection  standards  as  definition  of  the 
IVSS  proceeds.  Participation  of  the  crew  members  during  development 
and  flight  testing  is  essential  to  ensure  an  adequate  combination  of  knowl¬ 
edge,  technical  skills,  procedural  skills  and  experience,  and  ego-involve¬ 
ment  essential  for  experiment  success. 

The  duration  of  training  and  phasing  of  the  training  periods  have  yet  to  be 
established,  and  will  be  addressed  in  detail  during  Phase  L  However,  in 
the  data  forms  for  each  experiment,  tne  basic  training  requirements  have 
been  identified  for  each  experiment,  which  will  serve  as  bases  for  training 
standards  and  training  plans.  Use  of  contractor  facilities,  simulators, 
and  flight  test  hardware  will  be  established  aitd  coordinated  with  deliveries 
of  hardware  and  USAF  space  flight  crew  training  programs. 
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4.5  Maintainability  Raquiramanta 

The  daily  scheduled  maintenance  time  is  estimated  to  be  15  minutes.  This 
wili  consist  mainly  of  routine  checkout,  alignment,  and  calibration,  when 
required.  One  of  the  areas  to  be  jointiy  investigated  by  human  factors  and 
maintainability  engineering  during  Phase  I  will  be  that  of  providing  a  high 
confidence  check  on  system  status  that  would  circumvent  the  need  for  rou¬ 
tine  alignment  and  calibration  at  the  beginning  of  each  working  period. 
Attempt  will  be  made  to  define  an  overall  system  functional  test  incorpora¬ 
ting  quantitative  accuracy  tests  to  provide  confidence  ievei  sufficient  for 
elimination  for  calibration  and  aiignment.  That  is,  if  the  system  wilt  pass 
the  overall  end-to-end  funct  iial  test,  it  can  be  assumed  that  calibration 
and  alignment  are  within  acceptable  limits.  Considerable  effort  will  be 
extended  toward  feasibility  and  definition  of  such  a  test  that  will  be  ex¬ 
haustive  in  nature,  yet  rapidly  executed  and  simply  inplemented. 

The  anticipated  Mean  Time  To  Repair  (MTR)  is  1.  3  hours.  The  average 
daily  unscheduled  maintenance  time  (UMT),  however,  is  only  0.01  hours 
because  of  the  relatively  high  ratio  of  MTBF  (Mean  Time  Between  Fail¬ 
ures)  to  mission  length.  (For  more  detailed  information  consult  the  Re¬ 
liability  and  Maintainability  portion  of  this  report,  Volume  ni.  Section 
6.6.) 
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S  O  Humen  Enginuring  Considerations 

5.1  Establishing  Control  and  Display  Requirsmants 

During  the  preliminary  design  stages  of  the  IVSS,  the  approach  to  defini¬ 
tion  of  the  crew  interface  has  been  to  represent  all  important  operational 
and  experimental  functions  on  the  console.  Therefore,  as  design  efforts 
continue,  the  interface  will  undergo  considerable  change.  The  IVSS  Con¬ 
sole  Layout  is  presented  in  Figure  5-1.  Once  the  form  factors  become 
more  rigidly  defined,  the  positioning  of  the  various  sub-panels  and  con¬ 
trols  will  change.  It  is  expected  that  the  PTS  and  camera  controls  will 
most  likely  change  type  and  locations  as  a  function  of  form  factor,  access- 
ability,  maintainability,  and  considerations  of  optimizing  the  operability 
of  the  system.  For  example,  when  the  subsystem  is  further  developed,  it 
is  highly  probable  that  the  controls  for  the  two  cameras  may  be  located  on 
the  cameras  themselves.  An  example  of  a  potential  control  relocation  is 
the  PTS  magnification.  In  the  next  phase,  the  feasibility  of  making  this  a 
foot  control  will  be  examined  along  with  manual  back-up  considerations. 
Overall  simplification  of  the  individual  tasks  is  an  area  requiring  study 
once  equipment  requirements  begin  to  become  firm.  The  manual  exposure 
select  task  has  already  been  reduced  to  two  choices;  the  choice  being  sim¬ 
ple  multiples  of  the  automatic  exposure.  Areas  needing  similar  task  re¬ 
duction  include  the  manual  camera  frame  rate  selection  and  also  filter  se¬ 
lection  for  both  cameras  and  the  PTS. 

5.2  Contois  Layout 

The  basic  console  casign  evolved  from  the  functional  and  task  analyses 
previously  discussed.  It  is  seen  (see  Figure  5-1,  IVSS  Console  Layout) 
that  the  console  consists  of  two  independent  work  stations.  Station  I  per¬ 
mits  performance  of  the  three  primary  IVSS  experiments,  while  Station  II 
is  provided  for  data  management  and  analysis.  There  is  a  center  console 
area  which  is  shared  between  the  two  stations  primarily  for  data  manage¬ 
ment  and  communications.  Each  station  is  divided  into  functional  areas 
with  each  function  panel  corresponding  to  a  function  defined  in  Section  4. 0. 
The  panel  consists  oi  the  controls  used  to  fulfill  the  functions  defined  in 
the  Task  Analysis  Flow  Charts  (see  Figures  4-1  through  4-16.) 

This  approach  not  only  gave  a  convenient  logical  grouping  of  controls  and 
displays,  it  provided  a  great  flexibility  and  capability  for  incorporating 
changes.  Since  the  system  analysis  and  design  was  in  a  continuous  state 
of  flux,  this  capability  was  extremely  important  in  updating  the  console 
and  keeping  it  current. 
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Figure  0-1.  IVSS  Operator  Subsystem  Interface 
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The  procedure  followed  in  laying  out  Station  I  was  to  group  those  controls 
that  are  expected  to  be  used  while  the  operator  is  looking  through  an  eye¬ 
piece,  in  the  high  priority  areas  close  to  the  eyepieces.  Design  was  also 
such  as  to  reduce  the  need  to  move  the  head  away  from  the  eyepiece  at  any 
time  during  the  acquisition  and  tracking,  and  for  those  cases  where  it 
would  be  necessary  to  move  the  head,  such  movement  would  be  small. 

In  general,  it  is  felt  that  it  is  somewhat  early  to  define  knobs,  buttons,  or 
readouts  in  extreme  detail  and  to  rigidly  hold  to  these  controls  and  dis¬ 
plays.  However,  some  judgements  were  made  as  to  what  they  might  be 
and  are  included  in  Table  5- 1  IVSS  Controls  and  Displays  List.  This 
functional  listing  served  as  a  preliminary  specification  of  how  the  operator 
interfaces  with  the  subsystem.  The  control  and  display  list  also  permitted 
incorporation  of  switches  in  the  system  math  flow,  described  in  Volume 

m. 

The  Human  Ei^ineering  contribution  to  the  IVSS  development  will  enter  a 
crucial  period  during  Phase  I.  In  the  next  phases  of  the  effort  considerable 
attention  will  have  to  be  given  to  such  problems  as  toxicity  due  to  on-board 
film  development,  detailed  design  of  band  controls,  etc.  \^th  hardware 
becoming  better  defined,  a  closer  look  at  PTS/Camera/Reference  Axis 
Alignment,  as  well  as  the  previously  mentioned  task  simplification,  will 
be  made.  Anthropometric  problems  such  as  chair  design,  head  rests,  and 
head  restraints  will  also  have  to  be  resolved.  Another  critical  area  will 
be  the  interior  lighting  problem.  The  possibility  of  having  to  shield  the 
data  reduction  section  of  the  console  from  the  PTS  section  may  be  a  re¬ 
quirement  since  the  illumination  requirements  for  each  station  are  some¬ 
what  different.  Further,  the  PTS  operator  has  a  somewhat  unique  eye 
adaptation  problem.  Since  he  will  be  passing  from  high  to  low  light  levels 
fairly  rapidly,  he'll  be  required  to  detect  space  targets,  ground  targets, 
sea  targets,  and  even  sight  on  the  dark  side  of  the  orbit  on  lighted  com¬ 
plexes.  The  internal  lighting  must  be  such  that  the  operator  can  accom¬ 
modate  this  wide  range  of  illumination  that  he  will  encounter,  while  per¬ 
mitting  a  second  operator  to  occupy  station  n  if  required. 

The  desirability  of  measuring  human  team  contribution  with  the  IVSS  has 
been  established.  Provided  systems  design,  functional  capabilities,  and 
the  console  reflect  two-man  requirements,  advantages  will  accrue  in 
several  key  operational  areas.  Several  immediate  operational  advan¬ 
tages  will  accrue  in  several  key  operational  areas.  Several  immediate 
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advantages  are:  (1)  critique  and  subjective  analysis  of  subject  operator 
performance  and  system  behavior  by  a  second  operator  using  a  second 
eyepiece,  who  is  not  "task- loaded" ,  (2)  a  probable  increase  in  human 
efficiency  and  reliability  in  the  conduct  of  the  experiment  protocol  by  use 
of  check-lists,  division  of  labor,  etc. ,  and  (3)  a  significant  increase  in 
operational  capability  for  handling  "targets  of  opportunity",  provided 
two-man  requirements  are  factored  into  systems  design. 

When  considering  the  entire  experimental  package,  two-man  operation 
appears  very  likely.  The  incorporation  of  a  two-man  operational  capa¬ 
bility  into  the  IVSS,  permitting  two  operators  to  view  simultaneously 
as  well  as  cooperation  and  hand-off  of  tasks,  is  recommended  as  an  area 
of  study  during  Phase  I.  The  limits  of  man's  capabilities  may  be  signifi¬ 
cantly  greater  as  a  team,  provided  appropriate  system  capability,  than 
alone,  necessitating  measurement  of  this  capability  during  laboratory 
deployments  subsequent  to  establishing  fundamental  human  capabilities. 

5.2.1  The  Hand  Controller 

Electronic  and  physical  design  characteristics  of  the  hand  controller  are 
mcluded  in  Volume  ni.  The  controller  has  undergone  several  major  re¬ 
visions  during  the  course  of  the  elemental  simulation  studies,  as  tracking 
and  system  feedback  requirements  were  defined,  and  subject  performance 
and  commentary  was  assessed.  Considerations  of  less  mass,  greater 
tactual  feedback,  and  finer  resolution  and  linearity  have  been  incorporated 
in  the  controllers  that  were  used  for  the  final  phase  of  elemental  simulation. 

The  current  design,  rate  plus  proportional  control,  reflects  the  require¬ 
ment  for  precision  tracking  of  terrestrial  and  space  targets  over  a  variety 
of  dynamic  constraints.  Phase  I  design  studies  will  emphasize  electronic 
design,  mass  and  dynamic  characteristics,  form  factors,  and  interface  of 
the  hand  controller  with  the  IVSS. 
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IVSS  CONTROLS  AND  DISPLAYS 
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Table  5-1  IVSS  Controls  and  Displays  (cont) 
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Table  S-)  IVSS  C<Mitrols  and  Displays  (cont) 
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PTS  POINTING  ANGLES  Indicates  Roll  angle  of  the  PTS 

optical  axis  relative  to  vehicle  HoH  Window  type  display 

(I-IO)  ROLL  INDICATOR  axis.  Q]0(I]  0 


Table  5-1  IVSS  Ccmtrols  and  Displays  (cont) 
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Indication  at  left  shows  75%  of  total 
time  remaining.  This  circle  will  be 
large  enough  so  as  to  be  on  the  per¬ 
iphery  of  the  field  of  view  and  not  in¬ 
terfere  with  the  acquisittoo  and  track 
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Toggle  switch  (spade  handle) 

Rotary  Thumbwheel  with  two  detent 
positions.  Positions  determined  by 
measurement  the  two  operators 
prior  to  the  mission. 

Type 

0 

.02  o 

“0“  Vi 

0 

jQ 

1 

Function 

Indicates  Pitch  angle  of  the  PTS 
optical  axis,  relative  to  the  ve¬ 
hicle  axis. 

This  circle  is  superimposed  in 
the  PTS  field  and  gives  a  qualita¬ 
tive  indication  of  the  amount  of 
time  remaining  for  the  Operator 
to  complete  his  tracking  task. 

For  a  precise  quantitative  deter¬ 
mination  the  Operator  must  look 
at  the  Tracking  time,  readout  on 
the  Display  Panel 

For  target  at  a  distance  greater 
than  five  miles,  focus  is  in  the 
Automatic  Mode. 

For  targets  at  a  distance  of  500  ft 
and  greater,  operator  has  the  op¬ 
tion  of  focusing  manually 

Provides  two  discrete  position, 
pre-determined  and  pre-set  for 
operator  #1  and  #2 

Position 

Panel: 

Cootrol/Dl  splay 

(I-ll)  Pitch  Indicator 

Point-  Tracking  Scope-Cont. 

Decaying  Tracking  Circle 

Point-Tracking  Scope 

(SW-33)  Focus  Control 

(SW-34)  Focus  Mode 

(SW-35)  Interpupilaxy  Distance 
(Pos.  1)  for  Op  #1 
(Pos.  2)  for  Op  #2 
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Table  5-1  IVSS  Controls  and  Displays  (cont) 
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Table  5-1  IVS^  Controls  and  Displays  (cont) 
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placement  of  crosshairs). 
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In-Out  (Spring  Resets  Y  axis  counter  to  0000  RESET 

Return)  - 
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(SW-51)  Record  Button  In-Out  (Spring-  Causes  the  record  head  to  be  KCOitD  Round  button  to  upper  left  must  also 

Return)  detent  energized  for  recording  I  ■ be  depressed  to  record  (to  prevent 

lock.  unintentional  recording). 
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Table  5-1  IVSS  ControlB  and  Displays  (cont) 
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S.3  Auxiliary  or  Supplomontary  Aida 

Several  devices  have  been  identified  as  desirable  aids  to  the  crew  during 
conduct  of  the  primary  experiments.  Efficiency  and  reliability  of  the  crew 
must  be  optimized  to  ensure  accurate  and  timely  conduct  of  the  experi¬ 
mental  schedule;  thus  necessitating  careful  attention  to  the  design  and 
application  of  the  supplementary  aids.  The  briefing  aid,  for  example, 
must  be  optimized  with  respect  to  content  as  well  as  method  of  presenta¬ 
tion,  due  to  Us  probable  Impact  upon  human  acquisition  capability.  The 
supplemeutary  aids,  discussed  in  this  section  from  a  functional  character¬ 
istic  and  operational  standpoint  are:  (1)  the  Visual  Evaluation  Tracker, 

(2)  the  PTS  Briefing  Display,  and  (3)  the  Image  Analysis  Devices,  which 
consist  of  Image  Projector  and  an  Optical  Comparator.  Engineering 
descriptions  of  these  devices  are  included  in  Volume  m. 

5.3.1  The  Visual  Evaluation  Tracker 

5. 3. 1.1  Rationale 

The  Visual  Evaluation  Tracker  (VET)  has  been  designed  as  an  extension  of 
the  capabilities  of  the  Pointing  Tracking  Telescope,  with  the  feature  of 
rapid  removal  or  Incorporation  of  the  device  with  minimal  design  Impact 
upon  the  primary  optical  system.  The  VET  provides  a  precise  measure¬ 
ment  of  preceptual-motor  tracking  ability  and  a  calibration  of  basic  visual 
characteristics  such  as  visual  acuity.  The  incorporation  of  this  capability 
in  the  PTS,  the  primary  visual  Instrument,  is  considered  more  desirable 
than  an  approach  using  separate  Instrumentation,  due  to:  (1)  requirement 
for  precision  control  of  the  presentation  of  images  for  tracking  and  for 
visual  calibration;  (2)  desirability  of  using  the  same  instrument  for  cali¬ 
bration  as  well  as  lor  the  primary  experiments  demanding  visual  and 
perceptual  motor  integrity,  and  (3)  the  need  for  high  face  validity,  impor¬ 
tant  to  flight  crew  acceptance  of  the  significance  and  ncc  d  for  visual  and 
perceptual-motor  calibration. 

5. 3. 1. 2  Functional  Characteristics 

The  method  by  which  the  VET  is  incorporated  in  the  primary  optical  in¬ 
strument  is  described  in  Section  2. 3. 1,  Volume  m.  Functionally,  the 
VET  will  permit  assessment  of  crew  performance  in  compensatory  track¬ 
ing  as  well  as  test  their  basic  visual  characteristics.  The  latter  capabil¬ 
ity  remains  to  be  incorporated  in  to  the  PTS  design  during  Phase  I.  A 
graphic  task  analysis  of  the  compensatory  tracking  calibration  is  included 
in  Section  4. 2  of  this  volume. 

5. 3. 1. 2. 1  Compensatory  Tracking  Task  -  Target  selection  Is  accom¬ 
plished  by  the  operator;  as  is  the  representative  rate  (0. 5  to  10. 0  deg/ sec) 
and  direction  for  compensatory  tracking.  With  the  IVSS  in  the  appropriate 
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mode,  a  stimulus  is  presented  to  the  sighting  (right)  eyepiece.  A  means  of 
recording  Integrated  tracking  error  over  time  is  provided  which  may  be 
stored  on  tape  or  displayed  to  the  operator  upon  demand.  Comparison 
with  base-line  data  gathered  prior  to  flight  may  be  accomplished.  Partic¬ 
ular  attention  will  be  paid  to  this  measure  if  difficulties  are  encountered 
in  the  operational  acquisition  and  sighting  tasks. 

5. 3. 1. 2. 2  Visual  Characteristics  Calibration  -  It  is  essential  to  assess 
the  impact  of  extended  exposure  to  space  flight  upon  the  visual  system  for 
two  reas(»is*.  (1)  to  gather  data  which,  in  conjunction  with  primary  experi¬ 
ment  data,  will  permit  prediction  of  human  performance  on  future  flights, 
and  (2)  if  the  performance  of  the  operational  task  is  enhanced  or  degraded, 
it  would  be  important  to  know  if  the  effect  can  be  attributed  to  the  basic 
visual  system  response.  In  selecting  the  tests  to  be  incorporated  in  the 
VET,  these  objectives  and  the  considerations  of  the  following  nature  were 
used:  (1)  testing  vision  which  might  reasonably  be  affected  by  exposure 

to  flight,  and  (2)  testing  those  functions  which  are  directly  involved  in  the 
performance  of  the  primary  experiments. 

The  proposed  tests  are: 

•  Differential  brightness  sensitivity 

•  Absolute  sensitivity 

•  Critical  fusion  frequency 

•  Visual  acuity. 

The  VET  would  be  designed  to  measure  the  functions  listed  above,  with 
minimal  PTS  weight,  power,  and  volume  penalties. 

5.3.2  The  Briefing  Display 

The  Briefing  Display  has  been  incorporated  as  a  feature  of  the  Pointing 
Tracking  Telescope.  The  device  presents  selected  materials  to  the  left 
viewing  eyepiece.  Provisions  have  been  made  for  rapid  manual  access 
to  frames  and  for  automatic  control  of  magnification,  orientation,  and 
angle  by  which  the  frame  is  viewed.  A  detailed  discussion  of  the  brief¬ 
ing  requirements  study  is  included  in  Volume  n,  while  the  optical  design 
and  interface  requirements  are  reported  in  Volume  m.  A  functional  task 
analysis  of  the  use  of  this  device  is  included  in  Section  4. 2  of  this  volume. 

Preparation  of  briefing  materials  and  incorporation  of  the  briefing  stimuli 
remain  to  be  studied  in  detail  during  Phase  I.  It  is  recommended  that  the 
requirements  be  studied  and  the  materials  be  developed  by  the  USAF 
Aeronautical  Chart  and  Information  Center. 
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5.3.3  On-Board  Photographic  Analysis  and  Measurement  Devices 
Two  devices  are  proposed  for  ccmsideration  as  measurement  tools  for  on¬ 
board  determination  of  human  contribution  to  acquisition  and  tracking,  and 
as  Image  Interpretatlcm  and  analyses  devices.  These  are:  (1)  the  Photo 
Measurement  Projector,  and  (2)  the  Optical  Comparator. 

5. 3. 3. 1  The  Photo  Measurement  Projector 

The  Photo  Measurement  Projector  Is  a  console -mounted  back-screen  pro¬ 
jection  system  with  a  set  of  precision  opaque  crosshairs  for  measuring 
precise  locations  on  the  screen.  The  observer  can  select  processed 
frames,  anafyze  the  content  of  the  photograph,  and  measure  the  location 
of  selected  points,  as  well  as  the  recorded  optical  crosshairs.  Manual 
and  direct  digital  readout  are  provided  for  ease  of  operation  and  recording 
of  results.  This  device  provides  ease  of  viewing,  rapid  access  to  frames, 
review  of  performance  for  "knowledge  of  results",  and  provides  for  dis¬ 
play  of  Images,  briefing  material,  and  instructions  in  a  manner  less  fatigu¬ 
ing  to  the  eye. 

The  discussion  of  human  capabilities  in  measurement  of  photographic  data 
by  means  of  the  Photographic  Measurement  Projector  is  Included  in 
Section  2. 1. 1.  This  device  will  be  used  primarily  as  a  rapid  measurement 
aid  and  as  an  aid  to  photographic  screening  and  interpretation.  A  graphic 
task  analysis  of  the  technique  of  measurement  and  analysis  is  included  in 
Section  3. 2.  The  measurement  capabilities  offered  by  this  device  are  con¬ 
sidered  adequate  for  preliminary  determination  of  results,  particularly  in 
determining  target  area  location  and  threshold  criteria  for  LOS  angular 
rate.  Rapid  access  to  briefing  and  experiment  protocols  is  possible  with 
this  device. 

The  requirements  for  display  and  measurement  of  a  variety  of  experi¬ 
mental  Information  and  data  for  major  primary  experiments  other  than 
P-1,  P-2,  and  P-3  suggest  an  integrated  display  approach.  It  is  recom¬ 
mended  that  the  features  of  the  Photo  Measurement  Projector  be  incor¬ 
porated  in  the  integrated  display. 

5. 3. 3. 2  The  Optical  Comparator 

The  Optical  Comparator  is  described  in  detail  in  Volume  m.  This  device, 
if  developed,  would  provide  an  acceptable  degree  of  measurement  accuracy 
compatible  with  precise  on-board  measurement  of  target  and  crosshair 
location  over  time.  A  well-trained  observer  will  be  able  to  measure  with 
the  70-mm  records  to  an  accuracy  compatible  with  determination  of  human 
capability  to  determine  LOS  angular  rate  to  less  than  0. 2  percent.  Capa¬ 
bility  for  direct  digital  readout  of  position  is  being  considered  for  perma¬ 
nent  data  storage  on  tape.  Detailed  analysis  of  the  photographic  data  by 
means  of  this  device  Is  possible  for  determining  presence  of  targets,  for 
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analysis,  change  detection,  and  measurement  of  length.  A  consideration 
of  the  m^surement  accuracies  possible  with  this  device  is  included  in 
Section  2. 1. 1.  A  description  of  the  characteristics  of  the  Optical  Com¬ 
parator  is  included  in  Volume  in. 

A  parametric  analysis  of  the  optical  system  is  reported  in  Volume  in. 
Requirements  for  optical  instrumentation  and  photo  measurement  of  man's 
contribution  to  LOS  angular  rate  determination  are  discussed  in  detail  for 
P-i,  P-2,  and  P-3.  Design  specifications  and  requirements  for  the 
optical  comparator  would  evolve  during  Phase  I  from  these  requirements 
and  from  human  factors  considerations. 

S.4  Mock-up  of  IVSS  Crow  Station  and  Control-display  Intarfacs 

5.4.1  Application 

A  full  scale  mock-up  was  constructed  of  the  IVSS  control  and  display 
interface,  reflecting  probable  form  factors  and  preliminary  design 
concepts  of  a  two-man  experimental  control  station.  The  mock-up 
served  as  a  tool  for  preliminary  procedures  assessment  and  for  control 
and  display  selection  and  layout  considerations.  As  described  in 
Section  5. 1,  the  console  layout  should  be  considered  a  functional  repre¬ 
sentation  only,  which  will  undergo  extensive  modification  as  types  and 
form  fiictors  of  equipment  become  more  firm  during  Phase  I,  and  the 
impact  of  additional  experiments  are  known.  Figures  5-2  and  5-3 
show  the  mock-up  and  interface  in  its  present  form. 

5.4.2  Design  Approach 

The  mock-up  was  fabricated  in  three  main  sections  as  follows: 

« 

(1 )  the  structure,  (2)  the  control  and  display  interface,  and  (3)  the  IVSS 
form  factors. 

The  structure  is  shaped  similar  to  the  MOL,  and  is  approximately  6  feet 
wide,  with  a  wooden-ribbed  shell  and  a  high-impact  styrene  covering  for 
the  vehicle  simulated  skin.  When  in  the  operating  position,  the  main  sec¬ 
tion  is  tilted  approximately  60  degrees  supported  by  collapsable  2x4  inch 
legs  and  completely  enclosed  by  means  of  a  black-out  curtain.  When  in  the 
shipping  position,  the  supporting  legs  and  black-out  curtain  fold  into  the 
main  shell.  Interior  lighting  of  the  mock-up  is  diffused  fluorescent  light¬ 
ing. 
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The  control  and  Display  Console  is  semi-permanently  fartened  to  the 
structure  and  by  removing  a  few  bolts,  the  panel  can  be  removed  for 
modifications.  The  panel  reflects  a  two-man  experimental  control 
station.  It  is  constructed  of  plywood  panels  with  plastic  sheets  attached 
and  supported  by  wooden  struts,  (See  Figure  5*'4)  The  appearance  of  the 
controls  and  displays  are  obtained  by  using  artwork  and  a  photographic 
process.  Separate  panels  are  used  for  each  functional  grouping  and  are 
backed  by  plastic  sheeting  The  panels  are  then  fastened  to  the  control 
panel  by  means  of  two-way  tape,  allowing  flexibility  in  the  arrangement 
of  the  functional  panels.  Plastic  toggle  switches  are  fastened  to  the 
control  and  display  panels  by  two-way  tape.  The  knobs  rotate  on  a  shaft 
assembly  fastened  to  the  control  and  display  panel.  The  scope  is  built 
out  of  plexiglass  and  presents  a  view  of  a  lighted  representation  of 
the  earth  from  an  orbital  altitude. 
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Figure  5-4.  Method  of  Mock-Up  and  Panel  Construction 
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To  add  realUm,  a  mock>up  ol  the  hand  control  has  been  installed.  A 
flexible  duplication  in  appearance  ol  the  IVSS  control  and  display  con¬ 
sole  has  been  installed,  designed  in  a  manner  permitting  the  console  to 
be  updated  and  modified  with  a  minimum  of  effort  and  cost. 

The  equipment  configuration  form  factors  duplicate  in  appearance  the 
IVSS  Pointing  Tracking  Telescope,  minus  the  servo  drives  and  interface 
equipment  The  IVSS  crew  station  mock-up  has  been  built  so  that  form 
factors  of  the  servo  drives  and  Interface  equipment  can  be  added  later,  if 
desired.  Form  factors  of  the  cameras  are  made  of  plexiglass.  Form 
factors  of  the  scanners  are  made  of  aluminum  foil  and  plexiglass.  The 
main  section  of  the  PTS  is  made  of  seam-soldered  galvanized  pipe.  The 
mounting  board  is  made  of  plywood  and  masonite.  The  PTS  form  factor  is 
painted  predominantly  white. 

5.4.3  Proposed  Application 

It  is  proposed  that  the  crew  station  mock-up  be  used  for  future  demon¬ 
stration  and  study  purposes.  It  should  be  reviewed  by  experienced 
personnel  which  should  result  in  operational  experience  and  recommen¬ 
dations  that  can  be  applied  to  the  system  design.  With  modifications,  it 
will  be  used  for  procedural  development  simulation  during  Phase  I, 
serving  later  as  a  basic  design  guide  for  training  aids  development. 
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B.O  Flight  Craw  Sagmant  Raquiramanta  Plan 


The  Flight  Crew  Segment  requirements  effort  will  consist  of  three  par¬ 
allel  but  closely  integrated  efforts;  one  dealing  with  operability  and  re¬ 
liability  of  the  man-subsystem  interface,  human  engineering,  an¬ 
other  addressing  the  problems  of  training  and  qualification  of  the  crew  as 
on-board  experimenters,  and  a  third  dealing  with  the  design,  analysis,  and 
methodology  of  conducting  the  primary  experiments  requiring  the  IVSS. 
Close  coordination  will  be  maintained  with  the  subsystem  design  team  to 
ensure  that  the  Flight  Crew  Segment  requirements  are  reflected  in  the 
design  and  functional  operation  of  the  IVSS.  Simulation  study  results  will 
be  used  where  appropriate;  and  an  operational  procedures  evaluation  will 
be  conducted  near  the  end  of  Phase  I  to  verify  procedures  and  the  m-an- 
subsystem  interface. 

6.1  Human  Enginanring  Program 

The  crew-subsystem  interface  established  during  the  preliminary  study 
phase  will  undergo  extensive  analysis  and  verification  during  Phase  I, 
consistent  with  the  design  of  the  subsystem.  Control  and  display  panels, 
reflecting  functions,  will  be  modified  extensively  as  design  and  form-factor 
information  on  the  PTS  and  other  equipment  becomes  available.  The  inter¬ 
face,  as  well  as  task  and  functional  analyses  of  the  operator,  will  be  re¬ 
fined  and  will  reflect  the  requirements  for  conduct  of  the  human  contri¬ 
bution  experiments,  as  well  as  the  on-board  analysis  of  results.  Impact 
of  additional  operational  or  experimental  requirements  will  be  assessed, 
including  the  addition  of  a  second  observer  and  PTS  eyepiece.  Applicable 
design  standards  and  specifications  will  be  used  where  appropriate.  Crew- 
subsystem  interface  design  and  implementation  will  be  reflected  in  a  con¬ 
sole  to  be  developed  for  a  procedures  verification  simulation  study. 

6.2  Training  Raquiramanta  Planning 

Assessment  of  the  flight  crew  segment  training  and  selection  requirements 
will  be  conducted.  Preliminary  estimates  of  training  time  requirements 
and  facilities  will  be  updated  and  coordinated  with  overall  Air  Force  train¬ 
ing  schedules,  facilities,  and  planning  for  the  MOL  program.  Training 
equipment  and  phasing  requirements  will  be  identified  in  terms  of  content 
material,  training  simulators,  probable  locations,  and  logical  sequencing 
of  activities.  An  integrated  Flight  Crew  Segment  training  program  will  be 
submitted  as  an  output  of  Phase  I. 

6.3  Experiment  Proceduree  Planning 

Refinement  of  the  experimental  procedures  as  well  as  the  design  and 
analysis  of  experimental  results  will  be  conducted  in  parallel  with 
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subsystem  design.  The  planning,  scheduling,  and  experiment  protocols 
will  be  refined,  with  major  emphasis  upon  insuring  efficiency  and  validity 
in  conduct  of  the  experiments  and  assessment  of  human  contribution,  by. 
on-board  means  and  in  the  experiment  control  center.  Detailed  analyses 
of  crew  activities  will  be  developed  on  a  time-line  base,  with  particular 
emphasis  upon  decision  points  and  complex  perceptual  motor  or  manipu¬ 
lative  requirements.  Task  analyses  developed  for  Interface  validation 
will  be  refined  for  operational  procedures,  which  will  be  validated  by  an 
operational  procedures  simulation  using  an  operating  mock-up. 

A  target  site  analysis  will  be  conducted,  which  will  permit  scheduling  of 
primary  experiments.  Target  characteristics  and  test  site  requirements 
will  be  identified.  An  experiment  schedule,  with  constraints  for  a  normal 
mission,  will  be  completed  during  Phase  I. 

Application  of  a  firm  experimental  design,  using  two  crew  members  as 
subject/experimenters,  will  be  accomplished  during  Phase  1.  Major 
emphasis  will  be  placed  upon  the  limited  number  of  samples  available, 
environmental  constraints  measurement,  and  techniques  of  on-board  and 
ground  analysis  of  results  in  real  time. 
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